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Here is a small steam generating unit that is 
ideally suited to the special requirements of 
large steam power plants, particularly new 
stations. Among its applications are these... 


For space heating needs 


during construction and in some cases in com- 
pleted plants 


For steam to evaporators 
initial starting-up or supplementary make-up 
For preheating oil 
For standby plants 
heating and service to auxiliaries 
For outdoor plants 
heating and various special requirements 
For various other applications 
such as heating water for acid cleaning of boilers 


The C-E Re-circulation Steam Generator is 
an exceptionally compact, efficient, fully- 
automatic unit capable of providing up to 
6000 Ib of steam per hr at pressures up to 
300 psi. It has numerous advantages among 
which the most important are: 


(a) Requires a space only 7 ft. x 7 ft. by 7 ft. high 


(b) Fully automatic-push-button control — minimum 
attention 


(c) Delivered fully assembled; requires no special 
foundation; only a simple vent instead of a chimney 


(d) Can be brought from “cold” to full capacity 
and pressure in a matter of minutes 


(e) Can be operated continuously or intermittently, 
at full capacity or at low load, as desired 


(f) Easily moved from one location to another; no 
need for long, expensive pipe lines to meet tempo- 
rary demands for steam 


If you have any one or a combination of 
these requirements — your best bet is the 
C-E Re-circulation Steam Generator. It’s 
more than a package boiler — it’s a complete 
steam plant including all controls and auxil- 
iaries — a fully integrated unit. Investigate 
this unit before you buy any boiler in its 


capacity range as an auxiliary steam source. 
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Whither Are We Headed? 


Addressing the recent American Power Conference in 
Chicago, C. H. Lang, vice-president of General Electric 
Company, reiterated a prediction he had made two years 
igo that the annual electric utility output in the United 
States would reach a trillion kilowatt-hours by 1970. 
Last year it was about 370 billion, of which over three- 
fourths was fuel-generated. This prediction would ap- 
pear to be in line with the rate of increase that has pre- 
vailed, with slight variation, for several decades; that is, 
nearly doubling every ten years. In fact, population 
growth, with ever-increasing per capita use of electricity, 
both industrially and domestically, would probably sus 
tain such a rate increase, not to mention the various de- 
fense projects that will require vast quantities of power 
for some time to come—all of which figure in the present 
unprecedented construction program of the electric utility 
industry, 

One effect of the rapidly increasing demand for electric 
energy is that it makes for larger system loads, which, in 
turn, justify the installation of larger and larger steam- 
generating units and turbine-generators. As a conse- 
quence, there are now building single boiler-turbine-gen- 
erator units of 200,000 kilowatts capacity and designers 
are reported to be considering units of 300,000 kilowatts. 
Obviously, larger units mean both lesser initial invest- 
ment per kilowatt and reduced labor cost per unit of out- 
put. 

From the standpoint of fuel use, if the average fuel con- 
sumption per net kilowatt-hour output that existed 
twenty years ago had been in effect last year, the total 
fuel consumption in terms of coal equivalent would have 
been about 55 million tons greater—a saving that went a 
long way toward offsetting increased fuel prices. 

The improvement, of course, has been attributable to 
several factors, including more efficient equipment, bet- 
ter station design with greater refinements, more econom- 
ical loading, and, particularly, to improved cycle ef- 
ficiency As the number of new stations going into serv- 
ice increases, especially those employing high tempera- 
tures with reheat, the average station heat rate will ap- 
proach closer to the goal set by the most efficient plants. 
Even now much thought is being given to the employ- 
ment of two reheat stages in order to gain another two or 
three per cent in station performance. 

However, continued improvement in average station 
heat rates will be in smaller increments until, perhaps, 
some radical basic change in power generation takes 
place. 
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It is much easier to predict energy use by 1970, as Mr. 
Lang has done, than it would be to predict station per- 
formance by that time. 


A New Thermodynamic Energy Concept 


Our contemporaries, Power and Chemical Engineering, 
have published a stimulating, and what promises to be, a 
provocative, article based on a forthcoming McGraw-Hill 
book by Neil P. Bailey, Russell Sage professor of me- 
chanical engineering at Rensselaer Polytechnic Institute. 
Briefly stated, this new concept proposes to reduce the 
four quantities relating to energy (namely, potential 
energy, kinetic energy, internal energy and flow work 
to three quantities (internal energy, kinetic energy and 
“transmitted energy’). In this way it is aimed to ac- 
count for some of the discrepancies that have appeared at 
times between calculated and test results. 

Quite naturally, many designers in the field of steam 
power will be interested and concerned, especially as to 
such effect as the new hypothesis may have on the steam 
tables and the computation of boiler and turbine effi- 
ciencies. If it should become widely accepted, practicing 
engineers will be confronted with an intellectual chore in 
adjusting their thinking to the new energy concept. 
On the other hand, it may make the study of thermo- 
dynamics easier for future generations of engineers. 

It is suggested that, before ‘going overboard’”’ for 
Professor Bailey's theory, it would be well for one to give 
serious consideration to a series of lectures on classical 
thermodynamic theory by Dr. Myron Tribus of the 
University of California at Los Angeles, which were de- 
livered some time ago at Purdue University and which 
have recently been published by the latter's Experiment 
Station under the title ‘““Thermodynamics in an En- 
gineering Curriculum.” 

All technology rests on a base of pure and applied 
science. Thermodynamics, historically, has varied from 
the intensely practical experimental work of Rumford, 
Joule and Rankine to the abstruse mathematical theory 
developed by Carnot, Clausius, Lord Kelvin, Maxwell 
and Josiah W. Gibbs. There are some who anticipate 
that Professor Bailey’s approach to the subject will 
eventually lead to his name being placed among these 
outstanding thermodynamicists. But no matter what 


ultimate acceptance the new energy concept may be ac- 
corded, the understanding of thermodynamics is certain 
to be strengthened by the spirited and critical debate 
that is likely to ensue. 












TTENDANCE at the American Power Confer- 

ence at the Sherman Hotel, Chicago, March 

26-28, exceeded that of any of the past Midwest 

Power Conferences which it replaced, the total regis- 

tration being more than 2500. Concurrent with the 
conference the NAPE held its annual power show. 

Besides an excellent and well-balanced technical pro- 
gram, there were a number of addresses on economic 
problems and matters of public concern. 

At the opening session George M. Gadsby, president 
of the Utah Power and Light Company and of the 
Edison Electric Institute, had as his topic ‘““The Great 
Accomplishment of a Free People.’’ He attributed the 
record additions to central station capacity during 1951 
to the creative genius of a free people who are able to 
function in spite of, and not because of, government 
planning. The importance of the electric power in- 
dustry, he pointed out, may be realized more fully when 
it is understood that for an increase of 20 per cent in in- 
dustrial output there is required an expansion of 40 per 
cent in central station capacity. 

“There is need,’’ Mr. Gadsby added, ‘“‘for more in- 
centive to the electric power industry in terms of higher 
returns on investment.’’ It was also his conviction that 
the greatness of this country can best be maintained by 
supporting government in the fields for which it is in- 
tended and by allowing private enterprise to assume the 
proprietary functions for which it is best fitted. 

Another speech along somewhat similar lines was given 
by P. H. McCance, president of the Association of 
Edison Illuminating Companies, and of the Duquesne 
Light Company, who attributed the unparalleled growth 
of the electric industry to (1) inventive genius; (2) the 
skill of equipment manufacturers; (3) ability of utility 
companies to provide increased amounts of energy at 
lower consumption cost; and (4) to the willingness of the 
public to make the necessary investments for the con- 
struction of generating and distribution facilities. 

The speaker voiced the opinion that a large supply of 
electric energy can be expected in the future provided 
we recognize and are prepared to deal with potential 
dangers that can affect the path of anticipated growth. 

He cautioned against attempts to socialize the utility 
industry, which, if successful, would spread to other in- 
dustries as it has done in England. He added that mere 
size is not the measure of success unless such growth is 
accompanied by sound development of business and 
operating results such as will assure an adequate return 
on the invested capital. 


Economic Facts Need Be Told 


At the session on “‘Public Attitude and What Can Be 
Done About It” a stirring talk was given by Edwin 
Vennard, vice president of the Middle West Service 
Company, who contended that the only real defense 
against the socialist trend in the United States is better 
public understanding of a few simple economic facts. 
“There are only two kinds of government,” he said, 
‘the kind where the government runs the people and the 
kind where the people run the government.” Although 
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First American Power Conference 


history shows very few times when people have bee: 
free, that of the American Republic is the best example o: 
man’s ability to improve himself when government 
leaves him alone. The Russians, Italians, Germans 
and recently the English, all in turn, Mr. Vennard 
pointed out, were dominated by a highly centralized 
government that controlled the economic life of those na 
tions, as a result of which the common man lost much ol 
his individual freedom. 

Widely misunderstood economic facts cited by Mr. 
Vennard are as follows: 

1. Many people are of the opinion that business 
profit is about 25 per cent, while believing that 10 per 
cent is a fair figure. They don’t know that for the last 
20 years in America the actual average profit of manu- 
facturing concerns has been from 4 to 6 cents on the 
dollar sales. 

2. The record of all manufacturing industries in the 
United States for the last 20 years shows that employees 
get SO cents for every 20 cents the owner receives. 

3. It is not generally realized that machines now do 
94 per cent of all the work that is done in the United 
States and that machines make jobs in the long run. 
Also, that the only way workers can get more real income 
is to produce more with the help of more and better 
machines. 

4. Few people know that 65 per cent of all national 
income is paid out in wages and salaries, and that after 





x ‘ 


P. H. McCance and Alex D. Bailey 


income taxes about 90 per cent of the remainder is in the 
hands of people who have incomes of less than $100 per 
week. 

Mr. Vennard concluded that the drift toward socialism 
will continue until the businessmen in the United States 
take care of their responsibility to communicate simple 
economic facts to their employees. 


Vision in Power 


Philip Sporn, president of the American Gas and 
Electric Service Corp., delivered an inspiring address on 
the rdéle of foresight in the future development of the 
public utility industry. Noting that the word vision 
has the antithetical meanings of being able to see things 
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directly and also of being capable of seeing invisible 
things in the future, Mr. Sporn succeeded in showing 
how important vision, in the latter sense, is for meeting 
the future responsibilities of the power industry. 

While almost any engineer is capable of making 
economic studies and evaluations, it takes an engineer of 
vision to know what to do with them. Vision has the 
characteristic of being swift and transient, so that it is 
often necessary for the engineer to perceive a clear basis 





Philip Sporn and Walker Cisler 


for judgment in an instant. New devices necessary to 
realize envisioned technological developments must also 
come into being in a somewhat similar manner. 

Vision is impossible without knowledge of the aims 
and objectives of persons in the community. There 
must be an awareness of changes in people, in the politi- 
cal area, and in the changing nature of thought. Noting 
that maximum power development requires large capi- 
tal investment, Mr. Sporn emphasized the need for long- 
range planning of a somewhat visionary nature in order 
to forestall as far as possible obsolescence. He saw no 
reason why, with technology still progressing, further 
improvements in central station efficiency and trans- 
mission line potential should not be made. In conclud- 
ing, Mr. Sporn threw out the challenge that it would be 
a sad day when the power industry loses vision. 


The Joppa Station for Atomic Energy 
Power 


R. E. Moody, executive vice president of the Union 
Electric Company of Missouri and vice president of Elec- 
tric Energy Inc., told of the formation of the latter organ- 
ization to build the Joppa steam-electric power plant to 
supply power to the Atomic Energy Commission's new 
project at the site of the old Kentucky Ordnance Plant 
16 miles west of Paducah. Incidentally, this power plant, 
with an initial capacity of 652,000 kw, will be the largest 
steam-electric station ever built in a single construction 
peration and is expected to be producing power by the 
nd of 1952. 

The project was conceived and the site selected by 
\EC less than two years ago. To supply the required 
ower, Electric Energy Inc. was formed in December 
(950 jointly by the Union Electric Company of Missouri, 
the Illinois Power Company, the Central Illinois Public 
Service Company, Kentucky Utilities Inc. and Middle 
South Utilities Inc., these companies subscribing to 40, 
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20, 20, 10 and 10 per cent, respectively, of the 3'/2 million 
capital stock. One hundred million-dollar first mortgage 
3-per cent bonds were subscribed by the Metropolitan 
and the Prudential Life Insurance Companies, this figure 
covering the estimated cost of the power plant. The par- 
ticipating companies are building the necessary transmis- 
sion lines at their own expense. These will include a 
230,000-volt line, with wood towers, from East St. Louis 
to Joppa and four 4700-ft spans across the Ohio River 
from the power station to the atomic energy plant. 

Ebasco Services Inc. was engaged to design and con- 
struct the power plant which will contain initially four 
163,000-kw turbine-generators operating at 1800 psig, 
1050 F and 1000 F reheat. Each will be served by a 
single boiler, and the unit system is adhered to through- 
out, as this duplication in design and layout adds to both 
economy and speed of construction. To date 50 days 
have been lost because of jurisdictional strikes. 

Coal will be delivered by either barge or rail and at full 
load it is expected to consume between 7000 and 8000 
tons daily. 


Oak Creek Station 


Certain design features of the new Oak Creek Station 
of the Wisconsin Electric Power Company were de- 
scribed by O. J. Stallkamp, assistant chief design engineer 
of that company. This station, located on Lake Michigan 
about ten miles south of Milwaukee, is now in the early 
construction stage. Designed for four 120,000-kw units, 
the first of which is scheduled for operation early in 1953, 
its principal features are a single boiler per turbine, 
radiant and convection superheaters in series, radiant re- 
heaters, bin-and-feeder pulverized coal system, control- 
led-circulation boilers, cross-compound turbines, vertical 
pumps, pressurized circulating water tunnel and central- 
ized control. The steam conditions will be 1750 psig de- 
sign pressure (1575 psig at the turbine throttle) 1000 
1000 F steam temperature and 0.5 in. back pressure. 

The controlled-circulation boiler, of Combustion Engi- 
neering-Superheater design, will be provided with three 
3500-gpm__single-suction constant-speed circulating 
pumps, two being sufficient for full load and the third a 
spare. The primary radiant superheater will be located 
on the back wall of the furnace and be connected in series 
with the primary convection superheater, whereas the 
radiant reheaters will be on the side walls. With a fur- 
nace volume of approximately 120,000 cu ft the heat re- 
lease at maximum load will be about 10,000 Btu per cu ft 
per hr. This relatively low heat release is expected to 
avoid serious slagging. 

The cross-compound type of turbine-generator, sup- 
plied by Allis Chalmers, consists of a 3600-rpm, 80,000-kw 
high- and intermediate-pressure machine and an 1800- 
rpm, 40,000-kw double-flow low-pressure machine. Tied 
together electrically, the generators will always operate 
as a unit. Although 3600 rpm throughout would have 
meant smaller parts, smaller clearances and lesser cost 
than 1800 rpm for the low pressure turbine, the blading 
for the exhaust end could not be made long enough to 
pass efficiently the tremendous volume of steam ex- 
panded to 0.5 in. back pressure. To obtain a flow area at 
the exhaust end equal to that of an 1800-rpm machine, a 
3600-rpm turbine would have required six exhaust 
wheels and multiple condensers instead of the two ex- 
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haust wheels and a single condenser. Therefore, by cross- 
compounding a 3600-rpm high-pressure turbine with an 
1800-rpm low-pressure turbine the advantages of each 
were had, as well as the most economical balance of in- 
vestment and operating costs for the expected load con- 
ditions. 


Turbine Controls 


Charles F. Wilson of Allis-Chalmers Mfg. Company 
presented a paper dealing with basic controls of central 
station steam turbines. He divided these controls into 
four general classifications: namely, those for starting 
and stopping the machine; those for governing and main- 
taining regulation; those for turbine auxiliary equip- 
ment; and those for safety and automatic protection of 
the machine. 

Some of these are manually operated and some are 
automatic. Generally speaking, the turbine is started, 
brought up to speed and synchronized by manual con- 
trols; and after it is on the line the automatic controls 
take over. 

Most of the controls are hydraulically operated, using 
turbine oil at 150 psig as the operating medium. When 
the turbine is up to speed centrifugal pumps mounted on 
the turbine shaft pump all the oil used by the turbine for 
control and lubrication. In some cases two shaft-driven 
pumps are used—one pumping oil at 150 psig for use in 
the control system and the other pumping oil at 40 psig 
for use in the generator control system and for lubricating 
the bearings. The two systems are connected by a pres- 
sure-regulating valve which automatically maintains a 
predetermined oil pressure on the downstream side. The 
lower pressure oil passes through coolers after which part 
is diverted to supply the generator hydrogen seal system 
and the balance passes through another pressure-regulat- 
ing valve adjusted to maintain about 10 psig in the bear- 
ing lubrication system. Auxiliary oil pumps with auto- 
matic starting devices are provided to back up the main 
pumps, for if the flow of oil should cease when the tur- 
bine is at speed, it could not be stopped quickly enough 
to prevent wiping the bearings. 

On larger machines a high-pressure lift pump is pro- 
vided to float the turbine and generator shafts on a film 
of oil when the speed during starting and stopping is too 
low to build up a hydrodynamic oil film in the bearings. 

The speed governor must be designed to operate 
quickly so that it can properly control the turbine and 
prevent overspeeding in the event of sudden loss of load. 
The relatively small governor force is amplified by a 
servo-motor to move the steam valve. 

The stop valve is very important because it is often the 
only shut-off between the boiler and the turbine inlet 
valve. Where overspeeding might occur because of some 
interference with normal operation of the inlet valve, the 
stop valve is designed with an automatic control to shut 
off all steam to the turbine. When the main stop valve 
has been tripped it is desirable to automatically close the 
governor-controlled inlet valves in case they have not 
been closed by other normal means. 

Mr. Wilson recommended that the trip test be per- 
formed at least once a day during the initial period of 
operation of the machine in order that abnormal operat- 
ing conditions, such as valve-stem deposits, can be 
brought to the operator’s attention before they become 
excessive. 


38 


Thermal Design and Efficiency of Steam 
Turbines 


“Thermal Efficiency and Design of High-Temperatur 
Reheat Turbine-Generator Units”’ was the title of a paper 
by J. R. Carlson of Westinghouse Electric Corporation 
In this the author showed that the heat consumption of 
turbine-generators in Btu per kwhr is a better means o/ 
evaluating the economics of more advanced steam con 
ditions and various turbine ratings than the straight con 
densing steam rates formerly employed. He submitted 
a table showing recommended operating conditions up to 
2400 psig and 1100 F and the corresponding heat rates 
for capabilities up to 200,000 kw. 

The first unit to be placed in service using a reheat 
steam temperature of 1000 F and initial conditions of 
1450 psig, 1000 F was the 81,250-kw three-cylinder unit 
at the Edgar Station of the Boston Edison Company. 
Since this was undertaken in 1946, orders for sixty tur- 
bine-generators totaling more than seven million kilo- 
watts capability have been received by Mr. Carlson's 
company. 

For ratings from 62,500 to 125,000 kw capability the 
two-casing tandem-compound reheat turbine appears to 
have the greatest acceptance. In this design, the high- 
pressure and intermediate-pressure elements are con- 
tained within the high-pressure casing with expansion 
continued through a double-flow low-pressure element. 

The largest single-shaft 3600-rpm now in service is at 
the Sewaren Station of the Public Service Electric & Gas 
Company. This is rated at 125,000 kw. A unit of 185, 
000 kw capability at 2350 psig, 1100 F initial and 1050 F 
reheat is now on order for this company. 

Another turbine of noteworthy rating is the 200,000- 
kw single-shaft machine being built for the Cromby Sta- 
tion of the Philadelphia Electric Company. The steam 
conditions will be 1800 psig, 1000/1000 F and 1-in. Hg 
abs. 

Although the Preferred Standards were extended two 
years ago to include 100,000 kw units, with or without 
reheat, the percentage of orders received for standard 
units since then, on a kilowatt basis, has declined from 
79 per cent of those shipped in 1951 to ™ per cent of those 
expected to be shipped in 1952. 

There are believed to be several reasons for this. First, 
that the standards should be extended to cover larger 
ratings in line with the trend; and second, that steam 
conditions on the smaller sizes have not been kept abreast 
of current economic conditions. 

Further improvements in thermal efficiency can be ob- 
tained by going to higher pressures and temperatures, 
such as 2800 psig, 1150 F; but the incremental reduction 
in heat consumption becomes smaller for each increased 
step in steam conditions. However, by adopting a second 
stage of reheat, a net reduction in heat consumption of 
about 2 per cent becomes possible. 


Large Utility Boilers 


At the session on ‘‘Modern Steam Generators,’’ two 
papers were presented, one by H. B. Wallace of Foster 
Wheeler Corporation and the other by W. H. Rowand of 
Babcock & Wilcox Company. 

Mr. Wallace listed the general trends in steam genera- 
tion as: 
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|. Designing to accommodate the use of worse and 
worse fuels with no penalties in economy. 

2. Improvements in cycle efficiency to offset increas- 
ing fuel, labor, material and construction costs, through 
eniployment of higher steam temperatures and pressures; 
reheating and consideration of multiple stages of reheat- 
ing; and the possibility of reducing tail-end tempera- 
tures. 

3. Achievement of purer steam through application 
of dual circulation and improved water conditioning. 

!. Natural circulation versus forced circulation. 

5. Pressurized combustion. 

6. Combustion of completely versus partially pul- 
verized coal. 

7. Development of quick-starting techniques. 

After discussing each of these points he added that 
“the fashions of steam generator design consist of the re- 
alignment of the unit as a result of standardization of de- 
tails of entire areas to permit savings in engineering costs 
through repetitive practices, those resulting from operat- 
ing experiences, and those due to fabrication and field 
construction improvements.” 

Mr.Rowand discussed at some length the influence of 
various fuels on boiler design and observed that although 
some utility plants are favored with a reliable and abund- 
ant local source of fuel such as to justify reliance on a 
single fuel, in the majority of cases it is advantageous to 
plan for use of more than one fuel to take advantage of 
price fluctuations or assure continuity of operation. 

He added that with steam-generating units of very 
large size it becomes advisable to employ a division wall 
in the furnace, since the required heat-absorbing surface 
can be obtained with less total furnace width and less 
total furnace volume than in a single furnace. Also, pres- 
ent-day utility boilers cannot be satisfactorily compared 
on the basis of steam flow alone because of the large pro- 
portion of heat absorption credited to the superheater 
and reheater. Steam flow is important, however, in fix- 
ing the circulation characteristic, in determining the load 
imposed on the steam purifying drum internals and in 
setting safety valve capacities. 

Boilers, he said, are now being designed for heat inputs 
of 1.9 billion Btu per hr to serve turbines of more than 
200,000 kw output, and it is likely that utilities will 
require still larger units in the future as electrical systems 
grow bigger and larger blocks of power can be conven- 
iently handled. 


Boiler Tube Corrosion 


In a paper on ‘Boiler Tube Corrosion in British Power 
Stations,’’ E.W.F. Gillham and R. L. Rees of the British 
Electricity Authority reviewed the results of a survey of 
94 power stations in which about a third showed boiler 
tube corrosion. In these, operating pressures ranged 
from 350 to 1450 psig. 

While in most cases the corrosion had developed since 
the war, it had been observed in 1944 in both Battersea 
ind Fulham Stations where the boilers are fed with good 
quality condensate and evaporated town water of rela- 
tively high carbonate content to which soda ash is ad- 
ded. 

Although no corrosion was observed in the tubes of the 
vight forced-circulation central station boilers at present 
operating in Britain, boiler design did not appear to be a 
‘actor in the corrosion. It was observed in zones of rela- 
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tively low heat transfer and to occur more commonly in 
boilers operating at pressures under 400 psi. However, 
when occurring in zones of high heat transfer, it appeared 
to be promoted by high concentrations of dissolved 
oxygen in the feedwater, by low alkalinities and by high 
neutral salt concentrations. When occurring in radiant 
sections, the corrosion appeared to produce scabs of mag- 
netic iron oxide having a laminar structure. 

The authors reported that the continuous addition of 
alkaline substances such as caustic soda, tri-sodium phos- 
phate and mixtures of caustic soda with other phosphates 
to the feedwater appeared beneficial. 

Sodium sulfate is used extensively in these stations as a 
scavenger, but where the dissolved oxygen is high (over 
0.1 ml per liter) the sulfate does not appear to provide the 
required protection. The best protection appears to‘lie 
in maintenance of oxygen concentrations below 0.03 ml 
per liter and judicious use of sodium sulfate. No other 
scavengers are being employed in British power sta- 
tions. 

In a considerable number of the stations deposits of 
metallic copper and copper oxide were observed. The 
copper was believed to have originated in evaporator 
tubes and the bronze impellers of the feed pumps. It was 
more evident in those stations having high feedwater 
temperature. There was no evidence, however, that the 
copper deposits were responsible for the tube corrosion, 
and in many cases there was corrosion and no copper de- 
posits. 

While there were only a few instances of caustic em- 
brittlement, it did occur at Battersea B with 1420 psig 
pressure under thin corrosion scabs. Here it was con- 
fined to the lowest row of sectional-header tubes and 
neither pH-sulfate ratio control of the boiler water 
alkalinity nor continuous sulfite injection has been suc- 
cessful in arresting the condition. 

Two other cases of embrittlement were noted in boilers 
operating at 600-700 psig and occurred beneath steep- 
sided pits filled with laminar scabs of iron oxide. In one 
case the intergranular cracking occurred in furnace wall 
tubes of a multi-drum boiler in which low alkalinity had 
been maintained. 


Steam Condensers 


With reference to design considerations of condensers, 
G. H. Putnam of Ingersoll Rand Company urged that 
customers call for guarantees at or near the expected 
average operating conditions of load and water tempera- 
ture rather than at maximum load and maximum water 
temperature. Moreover, it is preferable that the water 
temperature be taken as the mean average summer tem- 
perature. 

The true measure of condenser performance, he pointed 
out, is the overall coefficient, or rate, of heat transfer 
from the steam through the tube walls to the circulating 
water, as expressed in Btu per sq ft per hr per deg F mean 
temperature difference. But since it is difficult to deter- 
mine accurately the actual overall coefficient for a con- 
denser in operation, it is difficult to compare actual per- 
formance with guaranteed performance. It is hard to get 
accurate readings on the rate of net steam flow to the 
condenser, its total heat content per pound, the rate of 
water flow through the condenser, or an accurate meas- 
urement of the absolute pressure at the condenser inlet, 
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since this may vary around the periphery of the steam 
inlet. 

While condenser manufacturers cannot do anything to 
prevent accumulations of silt, slime and scale on the 
inner surfaces of tubes, which result from local condi- 
tions, they can so design as to facilitate cleaning opera- 
tions. Water boxes should have divided water circuits so 
that half the water space may be shut down for cleaning 
while the other half carries the load at reduced vacuum. 
In this connection, Mr. Putnam described the reverse- 
flow valve to be installed between the circulating pump 
and the condenser to permit backwashing of tubes, tube 
sheets and water boxes. 

He expressed the opinion that at least 90 per cent of 
surface condensers in use are not performing as well as 
they should due to fouling of tubes, faulty operation of 
air-removal equipment or excess air leakage. In fact, 
every condenser should be equipped with an air-leakage 
meter. 

The most critical part of a condenser the author be- 
lieved to be the air-cooler section. Velocities must be 
maintained such as will keep the cooling surfaces free of 
insulating air, and multiple vapor passes must be pro- 
vided to prevent hot streaks of uncondensed steam from 
short-circuiting to the ejector and overloading it. 


Interconnection of Utility and 
Industrial Plants 


In discussing the interconnection of industrial plants 
and central stations, V. F. Estcourt of Pacific Gas & Elec- 
tric Company described the arrangement that exists be- 
tween his company and three oil refineries in the San 
Francisco region. This involves the Avon steam plant of 
the Tidewater Associated Oil Company, the Martinez 
plant of Shell Oil Company and the Oleum plant of the 
Union Oil Company, all of which have now been in service 
from ten to eleven years. 

Under the terms of the contracts the power company 
constructed and operates the steam-electric plants ad- 
jacent to these respective refineries, which are supplied 
thereby with process steam and electricity. Payments by 
the refineries under the contract consist of a cash demand 
charge plus a commodity charge partly in cash and partly 
in “‘substitute fuels” in the form of acid sludge, pitch, 
heavy fuel oil, asphalt, acid tar or pulverized petroleum 
coke. The quantity of fuel is determined by multiplying 
the pounds of steam and the kilowatt-hours delivered by 
a certain factor. Excess fuel oil may be purchased by the 
utility to meet the full load requirements of the generat- 
ing station which is tied in with the utility system. The 
maximum power demand in each case is 15,000 kw and 
that of process steam ranges from 275,000 to 325,000 Ib 
per hr. 

The three plants are in most respects similar, except 
that the Avon and Martinez plants each have one 50,000- 
kw tandem-compound turbine-generator with automatic 
extraction at the exhaust of the high-pressure turbine, 
whereas the Oleum plant has two such units. 

This arrangement provides considerable flexibility in 
meeting seasonal fluctuations in system demand, and 
station heat rate at light loads is excellent due to the fact 
that a straight back-pressure cycle is approximated under 
these conditions. Moreover, it is always possible to have 
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power for the refineries available either from their ow. 
generators or from the transmission line. 

A second case of interconnection cited by Mr. Estcourt 
is that of a lumber company at Eureka, California, whic 
is adjacent to one of the steam stations of his company. 
Here the utility furnishes the lumber mill’s steam re- 
quirements at 170 psi up to a maximum demand of 18,000 
lb per hr and all of its electrical needs. Payment by the 
lumber company is in the form of a cash demand charge 
plus a quantity of hog fuel equal to a certain factor times 
the total steam and electricity delivered. 


Water Technology 


A progress report entitled “‘Demineralization Plant 
Operating Experience’ was presented by M. E. Brines 
of the Midland, Mich., plant of the Dow Chemical 
Company. To provide additional treated boiler feed- 
water for two 400,000-Ib per hr boilers which went into 
service in May 1950, an extension having a design ca- 
pacity of 1500 gpm was made to an existing demineraliza- 
tion plant. The entire water-treatment plant is oper- 
ated by one man from a central control room. A 20-ft 
service panel records water flow to the prefilters and 
cation-exchangers, cation effluent to deaerators, anion 
effluent, and demineralized water to each power plant. 
Demineralized water conductivity and pH are recorded 
before and after pH adjustment. 

The operator can make any number of cation regenera- 
tions without leaving the control room. The regenerant 
tank-level controls are interlocked into the cycle and will 
not allow regeneration to start unless the tanks are filled 
to the proper level. Except for manual operation of the 
filling of the caustic soda regenerant tank, anion re- 
generation is entirely automatic, including the regener- 
ant tank interlock. 

Demineralized water quality has exceeded expecta- 
tions, being superior to that obtained on a laboratory or 
semi-plant scale. Specific conductivity is less than one 
micromho, CO, has not been detected in finished water 
leaving the plant, and silica content is extremely low, 
so that 0.03 ppm silica has been used as the cut-off point. 
Runs on the cation-exchangers will average 2,250,000 gal 
per cycle to the sodium breakthrough point, while aver- 
age anion runs are 4,000,000 gal. Cation-exchange 
capacity ranges between 26,000 and 30,000 grains per 
cu ft of resin; anion-exchanger capacity is approximately 
11,000 grains per cu ft. 





“Initial Operation of a 500-gpm Duplex Deionizing 
Plant’’ was the title of a paper by T. P. Harding of the 
Omaha Public Power District. This water-treating 
plant supplies the high makeup requirements of a 1225- 
psig, 910-F 265,000-lb per hr combination furfural- 
residue-burning boiler. Deionization was selected as the 
most practical treatment for reducing dissolved solids and 
silica present in the available water supply. The water- 
treatment plant is a two-bed, semi-automatic duplex 
unit. Raw water enters the cation units, passes through 
a decarbonator to a neoprene-lined concrete sump, and 
is then pumped through the anion-exchangers to two 
60,000-gal neoprene-lined concrete storage tanks. When 
a cation-and-anion unit is exhausted it is automatically 
taken out of service at the same time that a warning is 
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sounded. Regeneration is initiated by an operator 
through push-button control, following the completion 
o| which the unit is returned to service. Automatic 
control is accomplished by means of pH recorders, con 
ductivity bridges, timers, and solenoid-operated pilot 
valves which in turn operate the main valves. 

Under present methods of operation, water of satis- 
factory purity has been maintained. The average 
deionized effluent has a mean conductance of 3.9 
micromhos or 0.9 ppm in terms of equivalent sodium 
hydroxide. Results of the initial period of operation 
with deionizing equipment have been sufficiently en- 
couraging for the Omaha Public Power District to specify 
deionization to supply makeup requirements for a new 
reheat plant now being constructed. 





A. D. Simpson of the Macon Kraft Company presented 
a paper entitled ‘“‘Hot Lime Zeolite—A 290-F Installa- 
tion’”’ in which he described how a southern kraft mill 
overcame some of the difficulties resulting from lack of 
adequate provisions for treating boiler feedwater. The 
Macon plant went into production April 1948 and was 
the first exclusive 900-psig design, steam-generating 
plant in the paper industry. A total steam capacity of 
650,000 Ib per hr is provided by two pulverized-coal, 
natural-gas-fired units of 150,000 lb per hr each, one 
refuse fuel burner of 100,000 Ib per hr and two chemical 
recovery units having a steam output of 125,000 Ib per hr 
each. Operating superheater outlet conditions are 850 
psig, 825 F. Power is generated by one 7500-kw turbine- 
generator operating at 160-psig extraction and 40-psig 
back pressure; and two 5000-kw extraction-condensing 
turbines, one extracting at 160 psig and the other at 40 
psig. There is also a paper-machine drive, a 2000-hp 
geared-turbine operating at 160-psig back pressure. 

General water supply for the mill, amounting to 18 
million gallons per day, is taken from the Ocmulgee River 
and is clarified with alum and sodium aluminate. Origi- 
nally a two-stage hot-process water softener was installed 
for silica reduction, alkalinity correction and hardness 
removal. This process utilized 40-psig exhaust steam 
at 278 F to facilitate silica reduction and calcium phos- 
phate precipitation. Accordingly, the station deaerator 
for softening makeup and condensate was installed as a 
thoroughfare unit with all steam required for the hot- 
process softener being passed through the deaerator. 

With gradual increases in paper production an in- 
creased demand was made on the water-treating plant, 
amounting at times to 35 per cent overload. This re- 
sulted in a somewhat depreciated feedwater quality and 
made it advisable, because of capacity limitations on the 
existing equipment, to install additional water-treating 
ipparatus. It was decided to modify the treatment and 
‘liminate the phosphate by supplementing the primary 
softener with ion-exchange units. 

Four Worthington softeners containing 30-in. beds of 
styrene resin were installed. 

At the time of the starting of the new hot-zeolite plant 
treating chemicals to the primary softener were changed 
to affect lower feedwater alkalinity which resulted in 
blowdown reduction. Lime replaced caustic soda in 
the silica-removal operation, with magnesium oxide 
in the first stage. Sodium aluminate assisted in coagula- 
ion and resulted in improved silica removal. 
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Stability of the styrene cation resin used in this in- 
stallation, which is subjected to temperatures of 285 to 
to 290 F, cannot be determined in the short time it has 
been operating. However, on the basis of favorable 
limited experience the use of the hot-lime zeolite process 
is today being extended to other paper mills, replacing 
more costly treatment methods. 


R. C. Ulmer, J. H. Whitney and J. W. Wood, of E. F. 
Drew & Co., in a paper entitled ‘Cause and Control of 
Iron Oxide Deposits in High-Pressure Boilers,’’ pro- 
vided additional information on a subject which they 
discussed at the Twelfth Annual Water Conference held 
in Pittsburgh in 1951.* The work which was continued 
in an experimental laboratory-type boiler and in a high- 
pressure bomb confirmed the earlier conclusion, namely, 
that magnetic iron oxide, Fe,;O,, will form adherent de- 
posits, whereas ferric oxide, Fe,O;, will not. Further- 
more, by maintaining slightly oxidizing conditions in 
the boiler water, as in the nitrite-type treatment, fewer 
deposits will form, and those that do will be largely of 
iron oxide which remains suspended in the boiler water 
as Fe,Qs. 

In summary, further observations of results with 
nitrite-type treatment have confirmed previous work 
indicating that no objectionable corrosion takes place on 
the steel even at high nitrite concentrations. On the 
bases of experimental work and field results, the authors 
suggest the following procedure for prevention of iron 
oxide deposits: 

|. Keep the iron pickup in the preboiler system at a 
minimum. Low dissolved oxygen and controlled pH 
are of major importance. 

2. Maintain a slightly oxidizing condition in the 
boiler water to insure that any iron present will be as 
Fe.O; rather than as Fe;Q,. 

4. A protective film should be maintained on the 
boiler metal surfaces to cut down iron pickup by the 
boiler water and insure a smooth surface to which de- 
posits are less likely to adhere. 


In a paper entitled ‘““The Chemical Treatment of an 
Evaporator at West Springfield Station” J. R. Haskins, 
Jr., of Western Massachusetts Electric Company de- 
scribed the treatment for a single-effect evaporator with 
a deaerating-evaporator-feed preheater installed in con- 
nection with a 40,000-kw single boiler-turbine-generator 
unit. This evaporator operates with filtered Connecti- 
cut River water on steam extracted from the tenth stage 
of the main turbine, which is at 103 psia, 485 F under 
rated load conditions. Under normal operating proce 
dure steam to this evaporator is throttled to give a con- 
tinuous evaporator output of about 7420 Ib per hr. 

Since an evaporator is fundamentally a low-pressure 
boiler, it is reasonable to expect that scale formation may 
be prevented by the use of much the same techniques as 
are used in low-pressure stations. Therefore, a treat- 
ment was proposed in which di-sodium phosphate, sodium 
hydroxide, sodium sulfite and an organic material were 
to be introduced into the evaporator, the total dissolved 
solids in the evaporator concentrate being controlled 
by continuous surface blow. After chemical treatment 
was started the evaporator was operated continuously 
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for 15 months. Upon being taken out of service and 
opened for inspection and maintenance, it was found to 
be entirely free of hard scale. The author concluded 
with the thought that not only had the treatment elimin- 
ated any possibility of scale formation in the evaporator, 
but that also tube and tube-sheet maintenance had been 
reduced by eliminating the thermal shock present when 
the usual method of thermal cracking is used to remove 
scale. 


“Feedwater Treatment in Illinois State Institutions”’ 
was the title of a paper by Russell W. Lane of the State 
Water Survey Division of the State of Illinois. There 
are forty institutional power plants located at prisons, 
hospitals and colleges with steam generating equipment 
varying from 25-hp hrt boilers up to 60,000-Ilb per hr 
units. In seventeen of the institutions electric power is 
generated by steam, and in nine of the plants modern 
non-condensing steam turbines are installed. Heating, 
however, is the primary function, and the twenty-seven 
larger institutions each produce 200,000 to 3,000,000 Ib 
of steam per day during the winter months. 

Although external treatment is provided at twenty- 
two institutions, all receive internal treatment of one 
fori or another. The methods of external treatments 
are hot lime-soda softening and sodium exchange with 
or without subsequent acid treatment for alkalinity re- 
duction. Two types of coagulation internal treatment 
are being applied as well as the phosphate-residual type. 
Chemical treatment costs per million pounds of steam 
produced in the state plants range from $1.20 to $8.90, 
not including cost of coal, water, amortization and other 
miscellaneous factors. 


Fluid Drives 


Ben G. Ragland of American Blower Corp., in a paper 
entitled ‘“‘Demand Performance—Fluid Drive in the 
Modern Power Plant,’ traced the history of the fluid 
drive from the early 1930’s to date. A fluid drive is a 
simple set of rotating elements composed of bowl-shaped 
impeller and runner, each fitted with radial webs ar- 
ranged similarly to the fibrous separations found in grape- 
fruit halves. The impeller-and-runner unit is equipped 
with an outer casing which forms a chamber to confine 
the power-transmitting liquid in the working circuit. 
There is no mechanical connection between impeller 
and runner, the transfer of power being accomplished in a 
hydrokinetic fashion. 

Fluid drives may be classified as of the constant-speed 
or the adjustable-speed type. The former is well known 
for its use in automotive transmissions, while the latter 
is most commonly applied in the steam power plant. 
Adjustable speed is accomplished by changing the volume 
of oil in the working circuit, control being by means of an 
element called a scoop tube which plows a rotating vortex 
of oil located adjacent to the working circuit. The oil 
pump is a constant-volume unit, and the adjustment of 
flow in the cycle is controlled by the position of the scoop 
tube whose capacity and pressure varies in relation to 
the inner diameter of the vortex. 

For boiler feed pump operation the ideal condition is 
to have the pump develop only sufficient pressure to 
meet boiler output plus friction demands. The require- 
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ment of falling head at decreasing flow can be met by a 
variable speed device driving the pump. Salient fea 
tures of the hydraulic coupling in its application to feed- 
water control include the following: 

1. It has justified its use on power savings, since th« 
required pressure only has to be held. 

2. It more than meets the speed-change response set 
by the boiler feedwater demand. 

3. It has flexbility of control required for paralleling 
pumps. 

4. It has infinite speed selection over the narrow range 
in which the pump speed is changed. 

5. It has reduced maintenance in the pump and feed- 
water valves, since they are no longer subjected to waste- 
ful excessive pressure 

6. It has lowered the pressure in the high-pressure 
feedwater heater. 

7. By its declutching feature, it enables large motors 
to be brought on the line unloaded. 


Load Changes on Boiler Feed Pumps 


A paper entitled “Effect of Sudden Load Changes on 
Centrifugal Boiler Feed Pumps’’ was presented by 
Igor J. Karassik of Worthington Pump & Machinery 
Corp., George H. Bosworth of Bechtel Corp., and B. J. 
Schmid of Pacific Gas & Electric Co. This represents 
an “‘interim’’ study of the limitations which sudden load 
changes may impose upon the satisfactory operation of 
boiler feed pumps from the point of view of hydraulic 
conditions. The study is concerned only with feed- 
water systems embodying direct-contact heaters on the 
suction of the feed pumps. There are two types of 
serious hydraulic problems which may arise during 
transient load conditions, namely those caused by an 
interruption or reduction in turbine load and those re- 
sulting from a sudden increase in this load, only the 
former being considered in this paper. 

During a sudden reduction of turbine load it is possible 
that the NPSH (net positive suction head) available 
for the boiler feed pump may be seriously reduced due 
to the fluctuating relations between the decaying heater 
pressure and the feedwater temperature at the suction 
of the pump. The magnitude and duration of this reduc- 
tion will vary according to the load drop which is ex- 
perienced. 

To prevent cavitation at the impeller, a certain 
amount of positive head above the vapor pressure of the 
entering fluid is required at the suction of a centrifugal 
pump to provide energy in order to maintain flow and to 
compensate for entrance losses. It is the reduction of 
available NPSH below this value, with the possibility of 
resultant cavitation, that is of concern during load drop. 
The immediate effects which cavitation will have on 
multi-stage centrifugal boiler pumps are to limit capacity 
and to induce severe vibrations which develop when the 
first-stage impellers start to cavitate. Although some 
pumps can stand severe flashing induced by cavitation, 
no boiler feed pump will stand an unlimited amount of 
flashing and the resulting vibration. 

Although, as the authors point out, favorable circum- 
stances in specific installations may eliminate some of 
the symptoms and effects of sudden load changes, it is 
still advisable to consider these changes in steam power 
plant design. 
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Etiwanda—A Study in Overall Steam 
Station Economy 


By W. L. CHADWICK* and E. H. KRIEG{ 


In this paper, presented at the ASME 
Spring Meeting in Seattle, which is slightly 
abridged in the following, the authors dis- 
cuss the features of the new Etiwanda 
Steam Station of the Southern California 
Edison Company, particularly from the 
standpoint of its built-in economies. The 
plant is in the early construction stage. 


HE Southern California Edison Company system 

is changing from a predominantly hydroelectric 

system principally because the more economical 
hydroelectric sites have been developed. Sufficient 
base load now exists to warrant the installation of high- 
efficiency, reheat steam-electric plants whereas, formerly, 
low annual load factor limited steam plants to moderate 
pressures and temperatures.' In these earlier plants 
quick pick-up from minimum to maximum load was 
required, a problem which the Company solved by the 
pioneer development of extremely wide-range oil burners. 
The system now has 748,000 kw of capacity, designed 
and adapted for quick load pick-up; hence, a new plant 
could be planned to exploit the improved load factor. 


* Vice president in charge of engineering and construction, Southern Cali- 
fornia Edison Company 

t Consulting engineer, Stone & Webster Engineering Corporation. 

! See ““Steam-Electric Power Expansion in Southern California,”’ by W. L 
Chadwick, ASME Trans., April 1950, p. 223. 


Seleciion of Site 


The Etiwanda Steam Station is being built in the 
heart of the growing Fontana industrial area, about 
50 miles east of Los Angeles. Ocean front sites and other 
inland locations were considered, but the Etiwanda 
site was selected for the following reasons: 


It is in a rapidly growing industrial area where no 
fuel-burning plants now serve the Edison system. 
The area is still open for industrial development with 

favorable zoning. 

A desirable dispersion o/ stations is attained. 

Excellent transportation facilities, both rail and high- 
way, now exist. 

Ample water makeup for cooling towers is available 
from the nearby main upper feeder of the Colorado 
River aqueduct, and good underground water is 
available in sufficient quantity for boiler makeup. 

Existing 220-kv right-of-ways provide routes for addi- 
tional 220-kv circuits. 


The site is being laid out for an ultimate capacity of 
550,000 kw, but only two units, totaling 250,000 kw are 
presently being installed; the two future units may be 
larger. 


Structures and Enclosed Spaces 
The station is being built in a dry, warm climate where 
the average rainfall is about 17.5 in. per year with only 


a few hours of freezing temperature on a few days per 
year. It was natural, therefore, to limit enclosures to 





Fig. 1—Architects’ rendering of the Etiwanda Steam Station 
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Fig. 2—Etiwanda heat cycle showing deaerator at 15 psia bleed point and two streams of heaters for two 


the control room, the administration building, shop, 
warehouse and water treatment building. 

The Southern California Edison Company pioneered 
heat pumps in 1930, long before their currently popular 
use, and the same thinking was carried forward by heat- 
ing and air conditioning certain enclosed areas with 
heat pumps. Study was made of both common and 
separate pumps. However, because the administration 
building will be occupied only about 40 hr a week, 
compared with 168 hr a week for the control room, it 
was found more economical to use a small pump to serve 
the former and a larger one for the latter. The air con- 
ditioning design criteria are to hold the office temperature 
in the warmest weather 20 deg F below the ambient and 
the control room 18 deg F below. To reduce the load 
on the air conditioning system, sunshades are being 
built over the administration building windows which 
will prevent direct sunlight entering the rooms, but admit 
plenty of reflected light. 

Minimum use of enclosures greatly simplified the ven- 
tilation problem and resulted in an estimated saving of 
over $75,000 for ventilating fans. Consideration was 
given to the use of ‘“‘walk-in’’ enclosures over the turbine- 
generators, but it was realized that the high ambient 
temperatures in the summer plus radiation from machine 
parts would, without excessively expensive cooling equip- 
ment, make these spaces stifling. 

Two additional advantages of the outdoor construc- 
tion are anticipated: one, a saving in clean-up labor 
through ability to wash down floors and equipment when 
necessary; the other, a gain in safety. 

It is estimated that the total saving through. elimi- 
nation of the usual boiler and turbine buildings will be 
between $5 and $8 per kilowatt. 

Ata considerable economy, ‘‘tilt-up’’ concrete construc- 
tion is employed for the one-story administration build- 
ing where maximum use will also be made of formed sur- 
faces for final finish. The walls are of concrete, cast and 
cured horizontally, using ready-mixed concrete, then 
“tilted-up”’ into position and the sections joined together. 
All structures were designed for a seismic factor of 0.2 g. 
A 60-ton main gantry crane was selected to handle the 
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highest pressure bleed points 





turbine parts but not the generator stator. As the latter 
need be handled only once, it will be cribbed into place. 
Hence carrying charges on the larger crane will be 
saved. 

Subsurface construction has been kept to a minimum. 
Because of the very favorable natural ground conditions 
and by using carefully compacted fills, forms were not 
necessary when casting column footings and most sub- 
grade concrete. 


Size Factor and Duplicate Installations as Major Economies 


Keen appreciation of the savings afforded by using 
large units influenced the selection of the largest 3600-rpm 
tandem-compound turbine-generators being manufac- 
tured at the time, even though none was then in opera- 
tion. The incremental cost of 125,000 kw over 100,000 
kw capability units is less than the ratio 1.25 to 1. By 
designing and installing simultaneously two 125,000-kw 
units, each on a unit basis, substantial reductions are 
also being made in engineering, purchasing and construc- 
tion. Engineering and drafting work is simplified for 
two units, purchasing for two units costs less, and, by 
having the second unit follow the first by a few months, 
major reductions are possible in construction costs as 
men have been trained and solutions to many problems 
have been developed. 


Heat Cycle 


Once the heat cycle of a steam-electric station is 
determined, its fuel requirements are frozen, because 
a change in fuel cost seldom justifies a change in the 
heat cycle of an existing plant. Frequently, insufficient 
time is available in which to study this most important 
design decision, and all too often it is left to the turbine 
manufacturer to suggest what heat cycle should be used, 
regardless of the fact that he can not investigate the 
many economic angles involved. The heat cycle is only 
one element in a complex of many factors requiring study, 
such as: hours of operation per year at various loads, 
optimum number of turbine exhaust flows, optimum size 
of condenser and cooling tower, and differential costs of 
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vy .rious steam pressures and temperature, keeping in mind 
that the vital fuel cost is not only today’s, but a composite 
of today’s and those of the next 10, 20 and 30 years. 

Fig. 2 shows the heat cycle that was eventually devel- 
oped to achieve a happy medium between high fuel 
efficiency and the fact that high fuel efficiency means 
nothing to a plant that is shut down. 

As indicative of the care needed in such a study, the 
engineers in their early work on the heat balance had 
been given a gain of only 96 Btu for a change from 1450 
to 1800 psi initial steam pressure. The decision to use 
1450 psi was almost reached on that basis, but a back- 
ground of experience with similar studies for other plants 
indicated that the difference between the two pressures 
should be 130 Btu. This immediately threw the balance 
strongly in favor of 1800 psi after a check showed the 
original figure to be erroneous. 

Because of widespread experience with the fouling 
of closed low-pressure heaters, which have caused initial 
heater terminal differences of 5 deg F to increase to 15 deg 
F and even 30 deg F, it was early decided to use an open 
deaerating heater at as low a pressure as would be eco- 
nomical. This arrangement had been used before with 
satisfactory results at the Buzzards Point Plant of Poto- 
mac Electric Power Co. In addition to the objective of 
maintaining a close terminal temperature difference 
for the heater at a stage where it means the most, it 
was also desired to decrease the static head between the 
deaerator and the primary boiler feed pumps for two 
reasons: 


To eliminate the expense of heavy steelwork required 
to support the heater at the usual 50 or 60 ft above 
the feed pumps, such as is required when a 50-psi 
heater is used. 

To reduce the cost of earthquake bracing needed for 
a heavy deaerator at a high elevation. 


The deaerator was finally placed at the next to lowest 
bleed point, which is at a pressure of 1 psig, or higher 
when the unit is operating at 80 per cent turbine capabil- 
ityandabove. This arrangement minimizes the low load 
venting problem and decreases the cost of air removal 
equipment. 

By placing the lowest pressure, or 6-psia, closed heater 
in the condenser neck so that piping between the turbine 
extraction connection and the heater inlet is only 4 or 
5 ft long, the decreased bleed piping pressure drop has the 
effect of gaining 1 or 2 deg F on the heater terminal differ- 
ence. 

The complete study made to determine the most eco- 
nomical terminal temperature differences for the heaters 
and drain coolers led to the decision to use the following 
values at 125,000-kw load: 


Condensate 


Terminal Drain 
Heater No, Difference Cooler, TD 
1 (highest pressure) —3 10 
2 —-3 10 
3 0 10 
4 +3 10 
5 (deaerating heater) 0 None 
6 (lowest pressure) +4 10 


The heat rate with 2 in. Hg back pressure is expected 
to be around 9540 Btu per kwhr sendout when operating 
m oil fuel and after full charge for the power needed 
‘or all auxiliaries, including the cooling tower induced- 
lraft fans, 
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Turbine Generator 


Selection of initial steam conditions and number of 
exhaust flows being the first decision necessary prepara- 
tory to the selection of other equipment, detailed cost 
analyses were made to determine the most economic 
combination of initial steam conditions, cooling tower 
size, condenser size and number of turbine flows, that is, 
whether double or triple flow. Further, the use of a 
cooling tower made it necessary to study the economics 
of the combination simultaneously, as a change in any 
one of these variables would definitely affect the choice 
of the other variables. The optimum combination was 
found to be: 


Initial steam conditions of 1800 psig, 1000 F. with 
1000 F reheat. 

Triple-flow exhaust (partially justified in anticipation 
of outputs somewhat higher than 125,000 kw). 

Cooling tower with 14-deg F approach, giving 72 F 
water with a 58-F wet bulb. 

80,000-sq ft condenser for yearly average vacuum of 
1.65 in. Hg. 


A special study was made by the General Electric 
Company on turbine-generator appearance, including 
preparation of a model that served as a prototype for 
many other units, because it was believed that a machine, 
costing several million dollars, should “look like a million 
dollars.” 

Among other means utilized to obtain economy is an 
unusual emergency stop-valve arrangement which per- 
mits vertical and axial, but no lateral, movement, both 
simplifying and minimizing the cost of the main steam 
leads as well as the piping between the stop and control 
valves. A shaft-end house generator will be provided 
on each unit. 


Steam Generating Unit 


The selection of controlled-circulation boilers was 
based on economic comparisons which included both 
purchase price and the comparative cost of supporting 
steelwork. 

Controlled circulation facilitated the use of 1800 
rather than 1450 psi turbine inlet steam pressure. The 
3-in. OD tubes normally furnished with  1800-psig 
natural-circulation boilers are suitable for 2010 psig, 
whereas the 1.5-in. OD tubes of the controlled circulation 
boilers are suitable for a pressure of 2332 psig. With 
negligible cost for thicker drums, 1950 psig superheater 
outlet pressure or 50 psi above that available with natural 
circulation was obtained. Being able to allow 50 psi 
higher presure drop in the main steam leads made possible 
the use of 10.5 in. OD rolled tubing, rather than larger 
diameter forged and bored tubing costing about $150,000 
more. As controlled circulation boilers employ tubes 
of smaller diameter with correspondingly thinner walls, 
the skin temperature is less for equal rates of heat absorp- 
tion than with natural circulation boilers. With lower 
skin temperatures, it is anticipated that maintenance 
may be somewhat less and availability somewhat higher. 

Controlled circulation also makes it possible to provide 
water-cooled spacers for the superheater and reheater 
which should reduce attack by fuel oils producing metallic 
oxides, particularly those of vanadium. Such fuel oils 
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Cause serious maintenance of superheater spacers even 
when made of 25 chrome-12 nickel alloy. 

Other advantages considered for controlled circulation 
are: 


The boiler is about 13 ft lower and about 125 tons 
lighter, which is an advantage when designing for 
earthquake conditions. 

It should be possible to restore a boiler to service 
more rapidly if a tube failure should occur. 

The ratio of steam to water passing through the drum 
separators is greater because only about one-third 
as much water is circulated. 


Because oil is expected to be the major fuel, turbine 
bleed,steam will be supplied to the coil of steam air 
heaters between the forced-draft fans and the main 
regenerative air heaters to minimize deposits and corro- 
sion on the cold end. This will be done the year round, 
even in summer months. The air entering the regenera- 
tive air heaters will be heated to maintain the air inlet 
end of the revolving elements at an average metal tem- 
perature of 215 F. 

Experience with many oil-burning installations has 
shown a need for frequent removal of deposits from cold- 
end air heater surfaces. Etiwanda will be one of the 
few installations designed to permit water-washing such 
surfaces without taking the boiler out of service. Air 
soot blowers will be provided but, should these be unable 
to remove the expected deposits, washing will be done 
under load thereby saving fuel by maintaining boiler 
efficiency and improving availability at small investment 
cost. 


Cooling Tower 


To adhere to the ideal of a simple, rugged and economi- 
cal installation, a cooling tower common to both units 
was planned to minimize first cost and simplify main- 
tenance. The foundation design is unusual and com- 
prises a plain flat slab, omitting even pedestals for column 
bases. This construction avoids the usual basin and its 
cleaning difficulties. Seldom is it realized that a cooling 
tower for an installation like Etiwanda must handle 
4000 cu ft of air for each kilowatt-hour, or a 250-ft cube 
of air per minute for full load of 250,000 kw. As the 
district where the plant is located is subject to unusually 
continuous winds of varying intensity, provision is being 
made to handle the dust, leaves, tree bark and insects 
that may, at times, be collected in the cooling tower 
system. With the flat slab base, such debris can easily 
be hosed into the open gunited discharge flume and re- 
moved at the central settling chamber in the flume. 
Furthermore, less distance between the bottom cooling 
tower fill and the slab will make maintenance more 
convenient than the usual deep basin. 

The possibility of exploiting the favorable wind condi- 
tion to the maximum by the most advantageous tower 
orientation was investigated, i.e., parallel or normal to 
the prevailing wind. However, few data are available 
on the isotherms to be expected on the lee side of cooling 
towers in any particular position. Particularly are 
data unavailable on recirculation as affected by tower 
orientation. Other major considerations were avoidance 
of recirculating vapor to future towers and minimizing 
drip or fog effect on plant working areas. These studies 
led to positioning four 145-ft long sections of tower 
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nearly normal to the prevailing wind direction with 
85 ft between sections. This layout should give optimum 
performance for the 835-ft length. 

The cooling tower makeup problem was accentuated 
by the necessity of using Colorado River water having 
about 750 ppm of dissolved solids. Also, this is expen 
sive water, as it must be raised by pumps a total of 
1618 ft and transported more than 250 miles from Parker 
Dam across the intervening desert before reaching the 
plant. 

A treatment plant will stabilize the cooling tower 
makeup which is relatively high in dissolved solids, in 
order to allow higher concentration, hence minimize 
blowdown. This result will be accomplished by main- 
taining a suitable Langelier saturation index to avoid 
deposition of scale on the condenser, hydrogen and 
oil-cooler tubes, on the one hand, and to avoid the cor. 
rosion attendant on excessive acidity on the other. 

Special attention is being given to means for handling 
fan parts during maintenance and overhaul to keep down 
the size of maintenance crews. A one-ton gantry crane 
made from piping and built to travel along the tower 
top will lift and transport motors, gear boxes or fan 
blades to one end of each tower section where they may 
be lowered to the ground through a trap door. 

Where possible, open gunited flumes are being used 
for conveying the 140,000 gpm of circulating water, that 
type of conduit being considerably more economical 
than the 8-and 9-ft ID precast concrete pipe being used 
elsewhere. 

To provide cooling water makeup for a few days 
should the aqueduct water supply be interrupted, a 
40 acre-ft (13,000,000 gal) storage basin is being built 
on the site. This basin is formed of rolled earth-fill 
dikes constructed by the modern earth dam techniques. 
A gunite lining will be provided to avoid loss of water 
and the risk of damage to the basin by rodents and 
erosion. 


Condensing System 


Among the unusual features of the condensing system 
will be the use of a large-capacity reciprocating dry- 
vacuum pump as a “hogging”’ jet for rapidly evacuating 
the steam spaces, as well as to back up the single set of 
steam-air ejectors and allow starting the turbine-genera- 
tor at about 100 psig steam pressure. 

A rubber expansion joint between turbine and con- 
denser is being provided to avoid throwing any heavy 
earthquake load on the turbine. 


Feedwater System 


Deaerators are usually placed at a 50 or 60 psia bleed 
point in order to avoid vacuum operation, but the Eti- 
wanda deaerator will operate at a 15 psia pressure at 
turbine loads of 80 per cent capacity and over and will 
be provided with equipment for automatic removal of 
noncondensable gases during partial load operation. 

As shown by Fig. 2, the heaters on the two high-pres- 
sure bleed points are in two streams because four smaller 
heaters proved less expensive than two large ones. It 
was also possible to eliminate heater by-passes as all the 
condensate can be passed through either stream, hence 
there is less effect on station capacity when removal 
of a heater from service is necessary, there being less 
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lowering of feed temperature and disturbance of boiler 
temperatures. 

Boiler makeup will be obtained from wells on the site. 
This water will be pretreated to reduce hardness and 
alkalinity before sending it to the evaporators. 

Two 100,000-gal tanks will provide condensate storage. 

Piping 

The gate valve between boiler and steam turbine was 
omitted to save the first cost of $36,000 for two units and 
because valves are often a cause of outage. 

Design of the main steam leads started with the ideal 
objective of having two equal straight runs arranged 
like an “‘L,’’ one downward from the superheater outlet, 
and one continuing horizontally to the turbine. As the 
design of the plant developed, a few compromises were 
necessary in the layout in order to avoid interference 
with large steel members, particularly earthquake 
bracing and gusset plates, to change which would have 
cost far more than modifying the piping. 

Careful comparisons were made of the cost of provid- 
ing flexibility in the main steam leads themselves as 
against rigid piping with a flexible superheater outlet 
header, which would have cost $25,000 per boiler. De- 
signing the steam leads with more flexibility proved 
cheaper. However, this was not the case with the 
\6-in. OD, 1-in. wall hot reheat piping having some 
8.7 in. expansion per 100 ft. In this case it proved far 
more economical to use a flexible or movable outlet 
header which would follow the vertical movements of 
the piping. On the other hand, providing inherent 
flexibility in the cold reheat piping proved more economi- 
cal than building a movable cold reheat header. 

To attain simplicity, the policy of creating as few 
interconnections as possible was followed; operating 
experience having shown that they often cause as much 
outage time as they save, if not more. There will be 
no steam or feedwater interconnections between units. 
Furthermore, to reduce piping, insulation and valve 
costs, the use of auxiliary steam has been reduced to a 
ininimum, it being used only for oil heating and normal 
air ejection. Soot blowing will be performed by air 
stored at 500 psig and supplied at 350 psig. 

Other means used to reduce investment in piping 
were: 


Elimination of many pipe trenches by backfilling the 
trenches containing bare steel pipe with oil saturated 
soil. 

Two fire systems, one at the station served by two 
pumps backed up by the service water system, and 
the other at the oil tanks and cooling towers. This 
proved more economical than a single system be- 
cause the tanks and towers will be remote from the 
rest of the station. Safety and reliability were also 
improved because the equipment is more dependable 
than the long interconnecting piping. 

Normally, two steam supply lines would be used for 
fuel oil tank heaters, but only one is being con- 
structed with the provision, in case of emergency, 
for use of the condensate return line for steam 
supply, temporarily wasting condensate during such 
infrequent use. - 


Inasmuch as the height of the turbine deck for this 
tation was reduced to the minimum because of seismic 
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forces, less than a 24-ft high space is available for piping 
and auxiliary equipment beneath the turbine deck. 
To provide an economical and orderly piping arrange- 
ment, the layer system of piping was used with all main 
north-south runs at one grade and east-west runs at a 
different grade. 


Instrumentation and Control 


The centralized control room is being buiit between the 
boilers at the same level as the main turbine operating 
deck. The control boards have been kept to minimum 
length to simplify actual operation and for operator 
convenience while restoring service after an emergency 
trip-out. Ample time is almost always available to 
start a unit from cold, but this is not so when restoring 
service after a trip-out. To this end, only those in- 
struments actually required for controlling the turbine, 
boiler and auxiliary equipment are on the front of the 
board, while recorders, supplying historical data pri- 
marily for result purposes, are placed on the back of the 
boards. Fig. 3 shows the compact control room; 
the boiler turbine boards being only 17 ft 3 in. long for 
each unit. 

Pressure and flow measurements will be telemetered 
electrically or pneumatically to the control room from 
local transmitters so that only low-pressure lines will 
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Fig. 3--Etiwanda control room layout showing compact 
turbine-boiler-electrical control board 


be brought into the control room, thereby minimizing 
the hazards to operators and equipment. 

If the turbine stop valves close simultaneously, relays 
will automatically decrease fuel supply 80 per cent in 
order to prevent the reheater from overheating as well 
as to maintain fires for an immediate restart without 
delay for lighting off. Upon closure of both stop valves, 
relays will also automatically open the main generator 
breaker after a five minute delay. 

The combustion system is designed to control oil and 
gas separately, or in combination, with automatic adjust- 
ment of either as ‘“‘swing”’ or “‘base’’ fuels. 


Televising the Furnaces 


In the interest of reliability and availability, two 
flame Utiliscopes are being provided per boiler, one for 
each half furnace, so that the condition of all portions of 
the eight flames as well as the ignition torches in each 
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half furnace can be seen in the control room. Initially, 
this seemed a difficult task to accomplish because the 
single previous installation of such equipment had used 
a roof camera setting, but such a setting for the Etiwanda 
boilers would have caused a most difficult cooling problem 
as the Utiliscopes would have been in a deep hole between 
the boiler roof and the upper furnace tubes. This prob- 
lem was solved by using ‘‘bay windows’’ formed by 
simply bending tubes inward in the upper front wall. 

Although automatic starting of essential spare pumps 
has been provided, direct control of important pumps 
is being provided to the control room operator. 

Valve control has been generally centralized in four 
areas of the plant rather than being scattered. All 
valves for feed pumps, extraction steam lines and heater 
drainage piping will be grouped on a mezzanine grade 
beneath each turbine. Valves for fuel gas, fuel oil, 
boiler drains and boiler feedwater control are also on the 
same mezzanine grade, alongside each boiler. Valves 
for fuel oil heating and condensate returns for the fuel 
oil heaters are at a third location beyond the draft equip- 
ment at ground grade, and control for fuel oil pumping 
is provided at a fuel oil pumping station centrally located 
between the four 130,000-bbl fuel oil tanks. 

All valves are being so located that they may be oper- 
ated, packed or serviced without the use of ladders, scaf- 
folds or auxiliary platforms, and none will require exten- 
sion stems or chain wheels. A few valves will have 
floor stands. 


Maintenance 


Currently, much emphasis is being placed on reducing 
the number of plant operators to the minimum and one 
frequently hears that a particular plant has only about 
six operators per shift, without mention of the men re- 
quired on maintenance. In the modern plant, the main- 
tenance crew is usually appreciably larger than the opera- 
ting crew. Although Etiwanda will meet the optimum 
criterion with only six operators for two 125,000-kw 
units, close attention has been given to minimizing the 
maintenance organization by simplifying its work, such 
as by providing: 


Well pitched floors and adequate drains so that all 
unenclosed concrete floors may be hosed down with- 
out the need for sweeping or using vacuum cleaners. 

Portable gantrys for handling cooling tower parts 
and light turbine parts during maintenance or over- 
haul. 

Davits for handling heater parts. 

Hoists for handling circulating-water screens and cer- 
tain outdoor pumps. 

Space around all equipment and motors so that fork 
lift trucks may be used to handle heavy parts, 
especially those on ground grade and on concrete 
floors. This provision has minimized expensive 
monorail hoists. 

Galvanized open grating platforms to eliminate floor 
cleaning and future painting. 


A simple machine shop is being provided with the 
minimum number of machine tools. Because the Com- 
pany has a good machine shop at its Long Beach Steam 
Station, only 50 miles away, and there are excellent cus- 
tom shops available, the Etiwanda shop will be used as 
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now provided until justification for additional tools is 
clearly established. 


Electrical Features 


Generator output will be raised from 15.5-kv to 22- 
kv system transmission voltage by separate trans- 
former banks serving each generator. 

Economic studies were made of various transformer 
combinations, that is, of the possibilities of using three- 
phase transformers and of various basic insulation levels. 
Because of railroad clearances for the long cross-country 
haul involved, as well as first cost disadvantage, three- 
phase transformers proved uneconomical for the ratings 
involved. The Company has previously used 1050-kv 
as a basic insulation level for all recent 220-kv trans- 
formers on its system, but studies for Etiwanda showed 
about $170,000 saving by using an 825-kv basic insulation 
level and providing arresters. 

Study was also given to the use of isolated phase 
generator lead construction, but this proved uneconomi- 
cal for all except the runs below the turbine deck. Else- 
where, the runs will be aluminum channel on post-type 
insulators, protected by gratings above and screens below. 
The resultant saving is in the order of $70,000. 

Space is being provided for a 66 kv outlet when needed 
to serve local requirements. 


Unusual Problems 


Because the water from the cooling towers will have 
a concentration of about 3000 ppm, it will not be wasted 
to storm drains in order to avoid possible percolation into 
the ground water basin. A waste-disposal system will 
be built in conjunction with the established disposal 
agencies in Los Angeles County to convey all industrial 
waste approximately 50 miles to the ocean. This 
disposal will require construction by the Company of a 
15-mile concrete pipe line of 5-cfs capacity to connect 
with existing trunk sewers in which capacity will be 
purchased, 

Three means of transporting fuel oil to the station 
were studied, including pipe line, truck and rail. Be- 
cause of the large savings involved, an 8°/s-in. OD pipe 
line will be built about 40 miles across country from Santa 
Fe Springs to Etiwanda with three heater pumping 
stations to divide the line approximately into thirds. 
Initial temperatures of 200 F will be necessary to avoid 
excessive pressures during winter conditions. Electri- 
cally driven reciprocating pumps will provide 800 psig 
pressure for flows of from 400 to 700 bbl per hour. Heat- 
ing will be by means of direct-fired tubular heaters of 
the type common to the oil industry. 


Closure 


Acknowledgment is gratefully made to Mr. John 
Bruce and other operators who participated in the design 
discussions, to Mr. T. M. Hotchkiss and other engineers 
of Southern California Edison Company, and to Mr. 
W. C. Woodman and other engineers of Stone & Webster 
Engineering Corporation, who all realize that no plant 
is the work of one person, but the result of the efforts 
of many. It is believed that the Etiwanda Steam Sta- 
tion will mirror the desire of Southern California Edison 
Company to provide steam-produced electrical energy 
to its customers at minimum cost and maximum avail- 
ability. 
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Increased Interest in Smoke 
Abatement Focuses Attention 
on Electrostatic Precipitation 


By W. W. MOORE and H. L. RICHARDSON 
Research Corporation, Bound Brook, N. J. 


During the last fifteen years there has 
been a demand for ever-increasing efficien- 
cies in fly-ash removal, particularly the ex- 


tremely small particles. Such guaranteed 


efficiencies are listed. The principle of oper- 
ation of an electrostatic precipitator is ex- 
plained and illustrated, and a recently de- 
veloped continuous or sequential rapping 
system that avoids puffs is described. 


UCH has been said and written in the past twelve 
months about smoke and air pollution and what 
should be done about it. Municipal authorities 

in such cities as New York, Pittsburgh and St. Louis have 
taken steps aimed at enforcing smoke abatement pro- 
grams. 

Power plant engineers do not find themselves con- 
fronted with any new problems as a result of this recent 
activity which seeks to reduce the smoke nuisance. That 
public utilities have long recognized the need for fly-ash 
elimination is indicated by the fact that the first electro- 
static precipitator was installed for this purpose in 1923. 
Today, electrostatic fly-ash collectors form an integral 
part of many pulverized coal-fired boiler installations. 
They are included in power plants chiefly because man- 
agement appreciates the importance of public interest 
and community responsibility. 

The magnitude of the fly-ash problem is indicated by 
recently published figures covering the pulverized coal 
burned annually by utility companies alone, some 65 
million tons. On a reasonable basis of an average ash 
content of 10 per cent, the quantity of fly ash that could 
be emitted would be about 5 to 6 million tons in one cal- 
endar year. 

A large modern boiler producing, for example, 900,000 
lb of steam per hour will discharge flue gas at the rate of 
about 450,000 cfm at 300 to 400 F. With a fly-ash con- 
centration of two grains per cubic foot, which is a com- 
mon figure, the dust emission will be approximately 130 
lb per minute or 93 tons per day. This example serves 
to illustrate the magnitude of the problem involved in 
preventing atmospheric pollution from this source. 

At present there are no generally well-defined regula- 
tions as to the amount of dust that can be emitted with- 
out constituting a nuisance. The American Society of 
Mechanical Engineers has prepared sample sections for 
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smoke-regulation ordinances looking toward realistic 
and economically possible control. 

In general terms, the ASME code gives a maximum 
figure for dust emission of 0.85 Ib per 1000 Ib of gas, ad- 
justed to 50 per cent excess air and a maximum required 
collector efficiency of 85 per cent. Despite this, 
users of pulverized coal, and this applies particularly to 
the utilities, have set for themselves the objective of pro- 
curing equipment that will provide the highest possible 
collection of fly ash, both quantitatively and visually. 
This situation has led to focusing attention on electro- 
static precipitation. 

Electrostatic precipitation has been employed in many 
applications other than fly-ash separation. In many of 
these installations, efficiencies in excess of 99 per cent in 
continuous commercial operation are not unusual. In 
ash separation, the conditions under which a collector 
must operate vary from installation to installation and in 
day-to-day operation. Inasmuch as it is not ordinarily 
practicable to adjust these conditions for best collector 


TABLE I—DIAMETER OF PARTICLES IN MICRONS 
0-5, 5-10, 10-20, 20-44, 44, 
Per Cent Per Cent Per Cent Per Cent Per Cent 
5.5 14 


Sample 


‘ 
10 


v 
10 


Average 


operation, the precipitator must provide required per- 
formance under whatever conditions prevail. 

The fly ash itself is a major variant. It is not a homo- 
geneous or a uniform material. Its physical and chemi- 
cal properties vary widely, depending upon such factors 
as type of coal burned, type of furnace, furnace operation 
and coal grinding conditions. 

TABLE 2--DIAMETER OF PARTICLES IN MICRONS 
0-5 5-10, 10-20, 20-40, 40 


Per Cent Per Cent Per Cent Per Cent Per Cent 
11.91 17 .66 27.08 18.65 24.70 


Average 
Table 1 shows the fly-ash particle size analysis for ten 
actual samples taken recently from commercial operation 
of precipitators. From this data it is obvious that a high 
removal of extremely small particles is necessary in order 
to obtain a visually clean stack discharge. 
In comparison, Table 2 shows the computed average of 
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seventeen fly-ash samples tested in 1938-1939. The 
trend, therefore, appears to be toward finer and finer par- 
ticles. 

Table 3 shows a comparison of the guaranteed removal 
efficiencies for all Research Corporation precipitator 
installations made during the years 1936-1950, inclusive. 
It will be noted that in the five-year period 1936-1940, 
only 22 per cent of the installations specified over 9214 
per cent fly-ash removal efficiency. In the period 1941- 
1945, 60 per cent of the installations were above 92 per 
cent efficiency, and in the five-year period 1946-1950, 
69 per cent of the installations were above 92 per cent 
efficiency. 

The trend toward higher efficiencies as shown by the 
data just cited, is proof that power plant engineers in 
this country have been doing an increasingly better job 
of smoke elimination during the last decade, especially 
so in the five years since the end of World War IT. 

The principle of electrical precipitation is neither com- 
plicated nor new. Its simplest demonstration is the 
TABLE 3—SHOWING FLY-ASH PRECIPITATORS INSTALLED BY 
RESEARCH CORP DURING 15-YR PERIOD. COLUMNS CLASSIFY 
THE NUMBER OF INSTALLATIONS (IN PER CENT OF TOTAL) 

WITH RESPECT TO FLY ASH REMOVAL EFFICIENCY 
Efficiency 
Below 
90 90-92'/2 92!/2-95  95-971/2 
Years (inc.) Per Cent Per Cent Per Cent Per Cent 
1936-1940 None 78 1 
1941-1945 1 39 5i 
1946-1950 10* 21 4 


* Includes precipitators in combination with mechanical collectors. 


familiar grade-school experiment with static electricity. 
Remember rubbing a rubber comb or fountain pen with a 
silk cloth and watching it attract dry dust or lint? 
An electrical precipitator is essentially the practical 
application of that elementary experiment. 

As early as 1771 observers noted the effect of electrical 
discharges through smoke-filled gases. Throughout 
subsequent generations many independent investigations 
were made of this principle, but due to the primitive 
nature of electrical generating devices, precipitation 
remained only an interesting laboratory phenomenon. 
It was not until 1905 that Dr. Frederick Gardner Cottrell, 
Professor of Physical Chemistry at the University of 
California, concluded a series of laboratory experiments 
that resulted in the installation of the first commercial 
precipitator. The practical success of this pilot unit 
soon led to others and to wide use of the process. 





Schematic diagram of the 
equipment used in the Cot- 


OES. 
mT a 


Fig. 2—Elements of the MI (magnetic impulse) rapper 


The function of a precipitator is to collect liquids and 
solids suspended in industrial gases. Smoke, for example, 
is a suspension of small, solid particles in such density 
that they can be seen. Remove these solids and only 
the invisible gas remains. The Cottrell electrical precipi- 
tator performs this function by placing electrical charges 
on the particles as they enter a strong electrical field. 
In practice two groups of equipment are required: 
the electrical apparatus for producing and controlling 
the high-voltage power, and the precipitator chamber 
in which the gas is treated. Fig. 1 shows, schematically 
the principal parts that go to make up a typical installa- 
tion. 

Connected to any source of alternating current is a 
switchboard equipped with the necessary meters and 
controls. This is the operating center of the system 
Current flows from the switchboard to a high-tension 
transformer which steps up the power supply to the re- 
quired voltage for the particular purpose. This may 
be from 15,000 to 100,000 volts, or over. Since uni- 
directional current is essential, the stepped-up alternating 
current from the transformer goes to a rectifier for con- 
version. This rectifier is mechanical, but this conversion 
can also be effected by electronic tubes. Where the 
original power supply is direct current, it is necessary 
to convert to alternating current prior to raising the 
voltage and then rectifying back to direct current. 

A conductor, usually a specially designed high-voltage 
cable, carries the rectified current from the electrical 
set to the precipitator. The precipitator chamber is 
shown at the extreme left of the diagram. Essentially, 
this chamber consists of grounded collecting-electrodes— 
here shown as a pipe. Suspended in the central axis 
of this pipe is the discharge electrode, which is carried 
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From left to right: Precipi- 
tator, rotary rectifier, trans- 
former, switchboard and 
supply line. 
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Fig. 1.—Schematic diagram of the 

equipment used in the Cottrell 

t Electrical Precipitator. From left 

to right: precipitator, rotary rec- 

tifier, transformer, switchboard 
and supply line. 
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on insulators and connected to the source of the high- 
voltage current. The great difference in voltage between 
the discharge electrode and the collecting electrode sets 
up a powerful electrical field between them. 

In this field a negative discharge from the discharge 
electrode forms negative gas ions which attach themselves 
to the suspended particles. The resulting negatively 
charged particles are attracted to the positive collecting 
electrode, where their charge dissipates, leaving them 
electrically inert. If liquid, the material collected flows 
down from the collecting electrode. If solid, the material 
is removed by special scraping, rapping or washing devices 
not shown here. All materials are deposited into the 
hopper at the bottom of the chamber, from which they 
are readily removed for disposal or use. 

The type of electrical precipitator most generally 
used for removal of fly ash in power plants is the horizon- 
tal-flow plate unit. It consists of a series of parallel 
plates encased in a shell, thus forming ducts or gas 
passages. The discharge electrodes are suspended in 
the centers of these ducts from an insulated framework. 
This type is the natural design for most power plant 
equipment arrangements, and it can handle large gas 
volumes and quantities of ash at minimum cost. The 
vertical flow type of electrical precipitator, which incor- 
porates hollow steel plate collecting electrodes with pro- 
tusions or louvers on the surface, is used to meet specific 
installations problems. This type is primarily used 
where space limitations prevent the use of the horizontal 
flow unit, or where the chemical characteristics of the 
fly ash dictate its use. 

It is evident that each particular installa- 
tion must be engineered to serve specific 
requirements. Special features of design 
and construction, therefore, are employed 
to produce optimum performance based 
on extensive experience and practice with 
this type of equipment in the field. Modern 
steam generation, with higher capacities 
in less space, makes it necessary to study 
each case at length in order to get adequate 
precipitation capacity into areas which be- 
come smaller as the years go by. 


New Developments 


Recent advances in the development of a 
new rapping system for collecting fly-ash 
particles at higher efficiencies are particu- 
larly important to the power field. Since 
all of the fly ash precipitated does not set- 
tle by gravity into the hopper below, and 
an appreciable layer of fly ash gradually 
accumulates over the plate surface of the 
collecting electrodes, the rapping system 
used for unloading this accumulation be- 
comes a vital phase of the operation. 

In the past the rapping system was 
intermittent. At periodic intervals the 
dust was shaken loose from the collecting 
electrodes by mechanical or pneumatic 
means. With this intermittent rapping and 
the weight effect of large batches of fly ash 
dropping into the hopper, some of the col- 
lectededust would re-entrain in the flue gas 
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Fig. 3—Schematic position of power unit in line with mag- 
netic impulse, 


and escape through the stack in visible clouds or 
rapping puffs. 

Although the actual dust loss during the rapping 
operation was only 2 to 3 per cent, public asperity grew 
and was not mollified by technical explanations. Damp- 
ers were closed during the rapping operation to elim- 
inate these undesirable rapping puffs. Various types 
of pocket or hollow collecting electrodes were also tried. 
But neither these methods, nor the many others devised, 
were more than partially effective. 


Advantages of Continuous Rapping 


Recently, however, a new rapping system based on 
magnetic and electric principles has been introduced as 
a satisfactory answer to this problem. It is a magnetic 
impulse-type rapper capable of delivering continuous 
or controlled sequential rappings. The collecting plates 
of the precipitator are sub-divided into separate banks 
and each bank is vibrated or rapped sequentially at 
least once every second 30 sec, depending on the number 
of banks. Each bank may be rapped more often than 
every 30 sec. 

With this method precipitation is converted from the 
previous batch operation to a more desirable continuous, 
uniform operation. Collecting electrodes are cleaned at 


a continuous rate, thus preventing major disturbances in 
the hopper caused by large batches of precipitated dust. 
Dust re-entrainment in the flue gas resulting from hopper 
disturbances is eliminated, and along with it the rapping 
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puffs that are always associated with intermittent type 
rapping. The new continuous rapping system makes it 
possible to maintain a continuously clean stack with no 
rapping puffs or clouds. 

The elements of the magnetic impulse-type rapper are 
shown in Fig. 2. The operating element is the electro- 
magnet unit consisting of a solenoid coil and a steel 
plunger driven by electromagnetic energy. Also shown 
are the lead wires and the seamless steel housing with 
its exit nipple and external fixtures for terminal connec- 
tions. 

Pulse energization is used for this type rapper and it 
is supplied by a special power unit. The input to this 
system is 115-volt, 60-cycle power. Components of the 















































Fig. 4—Cutaway view of magnetic impulse rapper control 
and power unit combine in weather-proof cabinet. Upper 
panel contains power unit and the lower panel the control 
unit. 


special power unit are the transformer, thyratron tube, 
rectifier tubes, condensers and a distributor switch with 
a timing motor. Fig. 3 represents the schematic position 
of such a unit in line with a magnetic-impulse, remote- 
control panel, magnetic impulse rapper, and electrical 
precipitator. 


Principle of Operation 


The general principles of this system are that the con- 
densers are charged over a timed period, then discharged 
at a rate controlled by means of the thyratron tube and 
distributor switch. The solenoid coil, excited by the 
impulsive discharges of the condensers, generates the 
electromagnetic force for driving the steel plunger which 
delivers the rapping action. Both the intensity and 
frequency of the rapping cycle are adjustable to meet 
varied requirements. A number of rapper units, up 
to twelve or more for a large precipitator, may be ener- 
gized from one power unit. 
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Fig. 4 is a cutaway view of the magnetic-impulse 
rapper control and power unit combined in a weather 
proof cabinet which is mounted near the precipitator 
to conserve wiring. 

The rappers of the magnetic impulse rapping system 
are welded directly to the rapping bars of the precipitator 
in present installations. Complete control plus surveil- 
lance of operation are incorporated in a remote control 
panel, which may be placed in any desired location. The 
upper panel contains the power unit and the lower 
panel the control unit. 

With the desire of industrial plants to obtain cleaner 
stacks, there is no doubt that interest in electrical pre- 
cipitators and magnetic impulse-type rappers will in- 
crease. There are, of course, many problems involved 
in the specific installations. Electrical resistivity of 
the dust, gas velocity and flue arrangements are im- 
portant variables which have to be taken into considera- 
tion. Size shape and type of both discharge and collect- 
ing electrodes, their relative spacing, and the amount of 
electrical energy are design characteristics of each partic- 
ular application. Nevertheless, it is hoped that the 
information given here will be helpful to plant engineers 
in solving their problems of smoke abatement and fly ash 
elimination. 







































































& COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST. 


LEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD. 
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The Fuel Problem in Italy 


By GIOVANNI COPPA ZUCCARI 








A review of the fuel supply of Italy, as 
bearing on her economic situation. In- 
dustrial recovery has been accompanied by 
greatly increased fuel demands which are 
being met by brown coal from Sardinia and 
imported coal from other European coun- 
tries and the United States. Also, there 
is an abundance of natural gas but very 
little native petroleum; hence the re- 
fineries must be supplied with imported 
oil. 


must import large quantities of coal and petroleum, 

is well known, but the exact situation that prevails 
is not so widely known. Importers of coal naturally 
think in terms of bigger and better imports; producers of 
brown coal in Sardinia, humanly enough, want to press 
their inferior (but not worthless) coal into every use and 
Then 


| HAT Italy has practically no fuel of its own and 


to market promptly the whole of their output. 
there are the sponsors of electric power and the ever- 
growing petroleum refineries which have their own points 


of view. Recently, another group has been added, 
namely, the methane producers. Encouraged by the 
ever-growing output of methane gas they want to push 
their product at all costs. Utilization of this gas has 
spread greatly in Northern Italy, but some technicians 
are busy on colossal projects of pipe lines that would 
bring methane from Northern Italy to Rome and to 
Naples. To listen to them one would come to believe 
that importing coal and oil is for Italy a foolish and 
money-wasting occupation. 

For this reason the recent statements of Mr. Campilli, 
Italian Minister of Industry, are particularly valuable as 
they give an impartial picture of the situation as seen by a 
man who does not represent a particular industry but is 
entrusted with the task of looking after the general well- 
being of his country. In fact, his statements elucidate 
the following solid facts that are not lacking interest. 

Until comparatively recently the annual requirements 
of Italy in imported coal were reckoned at about 750,000 
tons. At present, owing to industrial recovery, this 
figure has risen to about a million tons monthly. 


Industrial Recovery Increases Fuel Demand 


Up to March 1951, however, the supplies of coal 
were not always reliable, inasmuch as, owing to shortage 
of dollars, Italy had to look for coal to those European 
countries that buy her products and repay her in coal. 
Chis was a natural enough arrangement but whenever a 
hitch occurred in the European output of coal, Italy had 
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to suffer. The situation finally was remedied by imports 
of coal from America and today the situation is reasona- 
bly hopeful. 

Furthermore, the industrial recovery of the country has 
proved a life-saver for the coal mines in Sardinia which 
had been suffering from a crisis for some time. Not only 
were these Sulcis mines able to dispose of their burden- 
some stock of brown coal but they have been able to 
secure advantageous orders for future deliveries. At 
present the management of these mines is building a new 
and up-to-date washery which will start working in 1952 
and which will enable them to improve considerably the 
quality of the coal produced. 


Italian Refineries Expand 


As regards fuel oil, its consumption is constantly grow- 
ing in Italy, and although Italian refineries have increased 
their output by 40 per cent over that of 1950, the pro- 
duction proved inadequate to meet the demand and some 
500,000 tons of residuals had to be imported for fuel. 
However, as some Italian refineries are being expanded, 
it is thought that they will soon be able to cope with the 
increased demand. 

There has been a considerable increase (about 20 per 
cent) in the output of coal gas. The fully reconstructed 
and, in some, cases enlarged and modernized Italian 
gas works now turn out about 3 million cubic meters of 
gas daily. The heating value of the gas is back to 3500 
calories and it is planned to increase this further in order 
to compete with methane and liquefied gases which are 
steadily gaining ground. In fact, in some instances the 
producers of coal gas and those of methane are tending to 
cooperation, for during 1951 city gas works were sched- 
uled to distribute 40 million cubic meters of methane 
mixed with their coal gas. 

The use of liquefied gases (butane and propane) is 
spreading rapidly in rural districts where housewives 
appreciate greatly their convenience compared with wood 
or charcoal. By now about a million homes use this type 
of fuel. The petroleum refineries awoke quickly to this 
new field which provides them with an excellent outlet 
for butane and propane as derived from their manufac- 
turing processes, and prospective users are now enticed by 
the offer of cooking ranges on the installment plan, gifts 
of the first lots of gas, etc. 

In fact this supply of heat has become so important 
that the Government is promulgating a series of regu- 
lations to guarantee the safety of users and to control the 
distribution. 

The consumption of natural gas (methane) now ex- 
ceeds three million cubic meters daily and is still con- 
tinuing to grow, although not at the same rapid rate 
as the available supply which, by the end of 1952, 
is expected to reach ten million cubic meters a day. 
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It is not clear how the present consumption could be 
tripled. The promoters of methane suggest replacement 
oi other types of fuel by methane in all branches of na- 
tional activity, but Mr. Campilli pours cold water on this 
idea. He admits that, from the point of view of calo- 
ries alone, a daily consumption of one million cubic me- 
ters of gas would enable Italy to reduce her imports of 
coal by 500,000 tons, but this would not be so, as the 
economic value of a cubic meter of gas depends on the use 
to which it is put and the value of the goods manufac- 
tured. 

There are also other and very important considera- 
tions. Italy has to export a certain range of goods to 
European countries which can pay for them only in coal. 
Thus she is obliged to take coal from them or give up 
these export markets. The motorization of the country 
is demanding from Italian refineries ever-growing quan- 
tities of gasoline for automobiles. More gasoline means 
more fuel oil which must be marketed. Thus, desirable 
as it might be, the substitution of methane for fuel oil 
would stifle the Italian refineries. Furthermore, there 
are the Sulcis mines of brown coal in Sardina. Millions 
have been sunk into them by the E.R.P. and the Italian 
taxpayer to modernize them and to increase their output 
threefold. This output must be marketed. 

All these factors show that there are sound econom- 
ical reasons which prevent a wholesale adoption of 
methane gas in Italy. These factors oblige Mr. Campilli 
to frown at the enthusiastic projects of some technicians 
who talk in the terms of a trans-Italian pipe line that 
would carry the gas from one end of the country to 
another, expecially as such projects involve enormous 
amounts of steel and heavy financial outlay. 


Methane as a Source of Power 


Instead, the Italian Minister of Industry suggests 
turning methane gas into electric power at the source. 
In fact, one large methane-fueled electric central station is 
now being built at Tavazzano. 

In the meantime diligent prospecting for methane is 
being conducted not only in the Valley of the Po but also 
in the Marches, Calabria and Sicily. Two gravimetric 
and nine seismic teams are at present operating in the 
Valley of the Po for the State-controlled Agip Company 
which has delegated two more teams to prospect for it in 
other parts of the country. During 1950 a large number 
of wells were drilled, resulting in the discovery of new 
gas-beds at Caviaga, Ripalta and Cortemaggiore. 

The present network of methane pipe lines in Italy 
totals 1300 kilometers with a total carrying capacity of 7 
million cubic meters a day. In 1953 it will be increased 
to 200 kilometers and its carrying capacity will be raised 
to 13 million cubic meters a day. 

Unfortunately, the prospecting for natural gas has not 
been accompained by any tangible results in the way of 
discovery of oil. The output of local petroleum remained 
during 1948, 1949 and 1950 at the level of about 9000 tons 
yearly. During the first 7 months of 1951 the output of 
petroleum reached 8055 tons which would mean some 
14,000 tons for the whole of the year, a totaly inade- 
quate figure. 

Italian refineries of petroleum products are, on the 
other hand, doing very well. In 1950 they processed some 
four million tons of crude petroleum which is 30 percent 
more than in 1949 and 147 percent more than in 1938. 
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No definite figures for 1951 are as yet available but the 
output of August, for instance, registered an increase of 
32 percent in comparison with the same month of 1950. 

During the last quarter of 1951 Italy was scheduled to 
import a total of 2,600,000 tons of coal of which 61 per- 
cent was to come from the U.S.A., 29 percent from Ger- 
many and the rest from other European countries. It is 
interesting to note that in 1950 American coal repre- 
sented only 0.6 per cent of Italian coalimports. In 1949, 
however, this proportion was 41.7 percent and in 1948, 
55.7 percent, 

As regards the local production of coal, the bulk of it is 
represented by the brown coal of the Sulcis mines. 
Before the war 39,000 tons of it were produced monthly. 
In 1948 this figure rose to 72,000 tons and in 1949 to 
84,500 tons. After a slight drop at the beginning of 1951 
it began to climb again and reached 96,000 tons by August 
1951. 


Underground Gasification 


Commenting on the recent International Conference 
on Coal Gasification, held in Birmingham, Alabama, and 
the symposium on coal gasification subsequently held in 
New York in connection with the AIME meeting, In- 
terior Secretary Oscar L. Chapman offered the following 
summary: 

1. The growing demand for gas, gasoline and chemi- 
cals has called widespread attention to the approaching 
need to employ coal as the raw material for these prod- 
ucts. 

2. Vast resources of low-rank coals and lignites, 
which cannot be exploited economically by standard 
techniques, are available for direct gasification. 

3. Experiments with undergound gasification of coal 
in the bed have been carried out in Belgium, French 
Morocco, Italy, the United Kingdom and the United 
States. Also, large-scale model experiments using oxy- 
gen and steam have been conducted in Belgium. 

4. A program of further systematic experimentation 
includes (a) employment of the perculation system in- 
volving electrical, hydraulic and pneumatic methods for 
connecting the vertical boreholes, thus avoiding the con- 
struction of underground tunnels; (b) the stream method 
in which preheated air is blown at high velocity through 
a prepared passage; and (c) a process using parallel 
passages opened along the pitch of the bed with unid:- 
rectional flow of oxygen and steam. 

5. These systems are adaptable to a wide range of 
geological conditions, and their common aim is to produce 
gas at low cost with either air or oxygen, depending on the 
type of gas required. 

6. Successful development of these processes may 
eventually reduce underground work, increase produc- 
tivity, and open to economic access sources of energy pre- 
viously unexploitable. 

7. The consensus of the First International Confer- 
ence on Underground Gasification was that public au- 
thorities and private enterprise should be encouraged to 
support the research program by all available means and 
to carry it out with as little delay as possible. 

8. The cooperation which has long been developing 
among the several research centers and which finally 
brought about this first conference should be continued 
and a second conference held abroad within two years. 
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Facts and Figures 


The bituminous coal industry in this country cur- 
rently produces coal at the rate of approximately 4000 
tons per minute. 


There are 298 privately owned Class A and Class B 
electric utility companies in the United States, according 
to the Federal Power Commission. 

® 

A large part of the city of Reykjavik, Iceland, is said 
to be heated by hot water derived from underground 
springs at temperature close to boiling. 


Proved reserves of liquid petroleum in the United 
States reached 32.2 billion barrels at the end of 1951 
which was an increase of 2.7 billion barrels during the 
year. 

% 

TVA will nearly double its installed capacity when its 
five new steam plants are completed, by which time 
about half its capacity will be steam, in contrast to its 
being predominantly hydro a few years ago. 

o 

To date approximately six billion dollars has been 
expended on atomic energy in this country, of which 
slightly more than half represents plants and equip- 
ment. 


The Bureau of Mines reports that in three Oklahoma 
counties partly depleted oil fields have been made to 
yield 33 million gallons of oil by pumping water under- 
ground to provide the necessary pressure to get out 
the remaining oil. Water flooding was first employed 
for this purpose in 1931. 

a 

Electric utilities in the United States burned in 
excess of 105 million tons of coal during 1951, which was 
approximately 15 per cent above that burned in 1950. 
During the same period fuel oil dropped off 15.7 per cent 
and natural gas consumption increased 21.3 per cent. 
The net average coal rate was 1.14 lb per kwhr. 


A new technique in underground gasification of coal 
was demonstrated during the recent ‘International 
Conference on Underground Gasification of Coal’ at 
Gorgas, Alabama. This involves the passage an 
electric current between two electrodes inserted in the 
coal seam to raise the temperature to the combustion 
point. It is known as the “electro-linking method of 
underground ignition.” 


of 


The U. S. Chamber of Commerce points out that the 
foreign aid program for the next fiscal year contemplates 
the financing of a gigantic waterways system in France, 
one feature of which is a 354-mile seaway from the 
Mediterranean to Lake Geneva, 1230 ft above sea level, 
which would necessitate a series of locks. 


COMBUSTION—April 1952 




























WING 


AUXILIARY 


TURBINES 









































OPERATING RANGES 


Stand- Maximum Welded 

ard Pressure a 
Horsepowers 100 150 Turbine 
Temperatures 525° 750° ae 
Pressures 275 600 Pump 
Back Pressures 50 50 Ne 


Speeds 4000 RPM 4000 RPM 


.@ 
e's 





Capable of exhausting against 
HIGH BACK PRESSURES 
Shafts—Horizontal 
or vertical 


Rotation— Clockwise 
or counter-clockwise 


Lubrication— 


Grease, Wing 
Filtered Oil 





Oil-free 
steam may be 
used for heat- 
ing or process 






Wing Turbine 
with gearset 
combination 


Write for 
Bulletin SW-51 


LJ. Wing Mfg.Co, 98 [Ui New leeey 


Factories: Linden, N. J., Montreal, Canada 
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Hays Guide 


Boiler Plant Results 


increased efficiency 
“Operating efficiency has been as 
high as 82%—much of the credit 
going to the accuracy of (Hays) 
automatically controlled combus- 
tion.” 


SHERWIN WILLIAMS, 
Chicago Plant 











fuel savings 
“we estimated that ... we would 
be able to pay for the new equip- 
ment (Hays Combustion Control) 
out of the fuel savings in three 
years. Since then, the records 
show that the amortization of the 
original investment has been ac- 
celerated.” 
RayBestos-MANHATTAN, INC. 


low maintenance 


“we find that due to the (Hays) 
properly controlled combustion, 
our maintenance on both stokers 
and boilers has been considerably 
decreased.” 

AMERICAN ToBacco COMPANY 











HAYS COMBUSTION CONTROL 
GETS RESULTS . . . Proof of this 
statement is available in the form 
of case histories on the boiler 
plant experience of 9 leading com- 
panies. These “result stories” cover 
small, medium, and large boilers 
—burning all types of fuel, includ- 
ing alternate fuels—with different 
load characteristics—and different 
uses for steam. 


Send us a brief statement of 
your specific conditions and speci- 
fications. You'll receive the case 
histories which fit your needs and 
a 48 page booklet on “Boiler 
Plant Instrumentation”. 
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rapid response 

to wide load swings 

“we have made test runs using the 
Hays system, bringing the load 
rapidly up from 8,000 to 80,000 
Ibs per hour with excellent re- 
sults. Fuel-air ratio was held at 
the desired value and CO: at 
15%.” 


Bemis Brotuers Bac Co. 











Automatic Combustion Control 





Boiler Panels * Hays-Penn Flowmeters 

Veriflow Meters and Veritrol 

Gas Analyzers * Draft Gages 

Combustion Test Sets * COs Recorders 
THE Electronic Oxygen Recorders 
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Large Power Producer 
Meets Demands up to 
400,000 Ib per hour with 
Evaporation Rate of 12.8 


“During the many years we have been 
generating power at Scovill Manufac- 
turing Company, Waterbury, Conn.,” 
says Leo Niekerk, Power Plant Chief 
Engineer, “we have evolved a general 
philosophy for power plant operation: 
buy the best equipment available, then 
operate and maintain it in the most in- 
telligent way possible. We have two 
power houses—the West Power House 
containing one 500 kw vertical turbine, 
one 3,000 kw condensing turbine gen- 
erator, and two 600 hp oil-fired 150 psi 
boilers on standby; and the East Power 
House containing three 3500 kw con- 
densing turbines, one 5,000 kw topping 
turbine, six 600 hp stoker-fired 250 psi 
boilers and, handling most of the load, 
two 660 psi oil or pulverized coal-fired 
steam generating units rated at 225,000 
lb/hr and 150,000 lb/hr.” 


fuel handling 


“Coal from railroad cars is transferred 
to overhead bunkers by a conveyor sys- 
tem. Fly ash from dust collectors is 
removed by conveyor ash handling sys- 
tem and discharged through an outside 
silo. Oil is stored in two 150,000 gal. 
tanks and fed by gravity to the fuel oil 
pumps in the basement.” 


combustion control 


“When we installed our Boiler #1 in 
1940 we selected Hays Combustion Con- 
trol. We were so pleased with its oper- 
ation during the next six years that 
when we installed Boiler #2 in 1946 we 
again specified Hays Combustion Con- 
trol. Each boiler has its own Hays panel 
containing a complete complement of 
modern boiler room instruments and 
controls. Currently we are meeting 
steam demands up to 400,000 lb per 
hour (with load swings as high as 
60,000 to 70,000 lb per hour) while 
achieving an evaporation rate of 12.8, 
a fuel cost per kw of $.0049, and a cost 
per thousand pounds of steam of $.706. 
No small part of the credit for the ver- 
satility and efficiency of our operations 
should go to the Hays Combustion Con- 
trol System. Maintenance expense on 
the control system has been negligible. 


The above story is a condensation of 
a completely illustrated case history on 
the power plant operation of Scovill 
Manufacturing Company. Write for 
Bulletin R-8, available free from The 
Hays Corporation, Michigan City, Ind. 
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Concentrating Films: 
Their Role in Boiler Scale 
and Corrosion Problems 


By H. M. RIVERS 
Hall Laboratories, Inc., Pittsburgh, Penna. 


The concept that a film of a 
very highly concentrated solu- 
tion tends to form on steam 
generating surfaces and may 
cause scale formation is de- 
veloped in this paper, which is 
slightly abridged. Characteris- 
tic effects of concentrating films 
and related deposition problems 
are discussed. 


OW and why do highly concentrated 

films develop on steaming surfaces? 
The answer can be made clear with the 
help of a few simple drawings. 

Picture a large beaker being heated in a 
thermostatically-controlled oven which is 
vented freely to atmosphere (Fig. 1). 
Suppose the beaker contains 10 liters of 
water and 1 gram of sodium hydroxide—a 
100 ppm solution. Such a solution can be 
concentrated indefinitely without throw- 
ing down precipitated material. And al- 
most all boiler waters contain a certain 
amount of sodium hydroxide, often in con- 
centrations of about 100 ppm. 

If the thermostat of Fig. 1-A is set to 
hold temperature constant at 212 F., the 
solution will come up to this temperature 
but no appreciable evaporation will 
occur at atmospheric pressure. Of course, 
there will be some trivial evaporation until 
the gas space in the oven is filled with 
water vapor at atmospheric pressure, but 
the volume of the solution and its con- 
centration will remain substantially un- 
changed. 

Evaporation becomes significant if the 
thermostat is set higher than the boiling 
point of a 100 ppm sodium hydroxide 
solution, which is substantially that of 
pure water at the prevailing pressure. 
With the thermostat set at 214 F (Fig. 
1-B), evaporation continues so long as 
the boiling temperature of the solution is 
less than 214 F. Decrease in liquid vol- 
ume is accompanied by an increase in 
‘odium hydroxide concentration which 
causes the boiling temperature to rise. 


* Presented at the Twelfth Annual Water Con- 
ference of the Engineers’ Society of Western 
Pennsylvania. The complete papers and dis- 
cussion are published in the Proceedings of the 
Conference which may be secured for $7.50 from 
the Engineers’ Society of Western Pennsylvania 
with headquarters at the Hotel William Penn, 
Pittsburgh, Pa. A brief abstract of this paper 
appeared in the Water Conference report in the 
November 1951 issue of Compustion, pp. 49-52 
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Evaporation stops, and a new state of 
non-boiling equilbrium exists, when the 
solution and its surrounding vapor come 
to the same temperature (214 F). In 
reaching this equilibrium, the original 
volume of 10 liters will shrink to about 19 
ml giving a sodium hydroxide concentra- 
tion of about 52,690 ppm. (5 per cent by 
weight). Both the liquid and water vapor 
will be superheated 2 deg F above the 
saturation temperature of steam at 14.7 
psia. 

Setting the thermostat 3 deg F higher 
still (Fig 1-C) causes evaporation to re- 
sume and continue until the boiling tem- 
perature of the solution reaches 217 F. 
Non-boiling equilibrium will again result 
when the solution volume is reduced to 
about 9 ml, and the sodium hydroxide 
concentration is about 110,900 ppm 
(10 per cent by weight). Liquid and 
water vapor will be superheated 5 deg F 
above saturation temperature of steam 
at atmospheric pressure. 


Thermometer (F) 
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Sodium Hydroxide (Percent By Weight) 
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Boiling Point Elevation 
(*F Above Temperature Of Pure 
Water Boiling At Same Pressure) 


Fig. 2—Relationship between boiling- 
point elevation and sodium hydroxide 
concentration 


sodium hydroxide be produced in a boiler, 
assuming non-turbulent conditions on 
steaming surfaces? Fig. 3 pictures a 
boiler tube and the three stages of tem- 
perature-concentration equilibrium shown 
in Fig. 1. Assume this to be a 1400-psia 
boiler tube uniformly heated at the 
rate of 25,000 Btu per hr per sq ft. Let 
the boiler water contain 100 ppm of sodium 
hydroxide but no other dissolved sub- 
stance. Since heat is flowing into the 
tube, there must be some temperature 
drop across the tube wall and the metal- 
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. 1—Non-boiling equilibrium conditions of sodium hydroxide solution 
in a thermostatically-controlled oven 


Fig. 1 illustrates only three of an in- 
finite number of possible temperature- 
concentration equilibria. For any given 
temperature elevation, there is a corre- 
sponding non-boiling equilibrium con- 
centration of sodium hydroxide. This 
is shown in Fig. 2. The difference be- 
tween the temperature of the solution 
and the temperature of saturated steam 
at the pressure in question determines the 
maximum concentration which can be 
reached by process of evaporation. This 
temperature-concentration relationship is 
substantially independent of pressure. 

Now, how can high concentrations of 


water interface. Accepted methods for 
calculating heat transfer under these 
conditions indicate temperature drops 
of about 24 deg F across the metal and 
about 5 deg F across the liquid film. 
Toward the center of the tube (region A), 
boiler water is at saturation temperature 
(587 F). But the thin film of liquid 
directly in contact with the metal (region 
C) must always be trying to approach 
that of the inner tube surface, i.e., it 
must tend to become superheated 5 deg F 
above saturated steam temperature. 

As the temperature of film “‘C’”’ rises 
above saturation, water evaporates there 
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Fig. 3—Diagram of concentrating 
film in an actual boiler tube 


with a corresponding increase in sodium 
hydroxide concentration. Evaporation 
continues until a 10 per cent solution is 
reached, for at this concentration the 
boiling temperature of the liquid equals 
that of the inner tube surface (5 deg F 
above saturation). Then a state of non- 
boiling equilibrium prevails, just as it did 
in Fig. 1-C. Under these conditions, 
therefore, the inner tube surface might 
be expected to be contacted by a 10 per 
cent caustic solution superheated to the 
extent of about 5 deg F. At any inter- 
mediate region between the metal and the 
boiler water proper, superheat and degree 
of concentration will be less. For ex- 
ample, equilibrium in the 2 deg F super- 
heat zone (B) would correspond to a 
sodium hydroxide concentration of about 
5 per cent. 

Temperature gradient across the liquid 
film is believed to be continuous, and not 
stepwise as indicated in Fig. 3. Fig. 4 
illustrates this by showing a section of 
the same tube cut longitudinally. Drawn 
to the left-hand (arithmetic) scale, the 
temperature curve represents a 24 deg F 
drop across the metal, and a 5 deg F 
drop across the liquid film. Each point 
on the temperature curve within the 
liquid film indicates the equilibrium liquid 
temperature at a given distance from the 
tube. But for each temperature so indi- 
cated, there is a corresponding equilib- 
rium concentration of sodium hydroxide 
at that same distance into the liquid 
as shown on the right-hand (logarithmic) 
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Fig. 4—Film concentration at any 

given distance from the tube as de- 

termined by the film temperature at 
that point 


‘58 


scale. Notice that while the temperature 
drop across the liquid film is only a few 
degrees, the concentration gradient is 
on the order of 100,000 ppm. Although 
the horizontal scale of distance from the 
tube is arbitrary, it is the same for both 
the temperature and concentration curves. 


In any steaming boiler tube, transfer 
of heat establishes a temperature gradient 
across the film of liquid in contact with 
metal. This temperature gradient deter- 
mines the total concentration of dissolved 
material that can accumulate in the 
film. The initial composition of the 
boiler water will naturally influence 
the final composition of the film solution, 
as will the precipitation of salts while 
evaporation is in progress. But for a 
given temperature gradient, the total 
amount of dissolved material remaining 
in the film, when non-boiling equilibrium is 
attained, will be about the same regardless 
of the initial composition of the boiler 
water. For example, in Fig. 3, film “C’”’ 
would tend to develop the same equilib- 
rium concentration (10 per cent NaOH), 
whether the initial boiler water contains 
10, 1000, or 10,000 ppm of sodium hy- 
droxide. 

Up to this point two ideas have been 
developed: (1) a film of very highly- 
concentrated solution tends to develop 
on steam-generating surfaces, and (2) 
this ‘‘concentrating film”’ is the result of 
heat transfer from metal to a boiling 
liquid that contains dissolved material. 
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Mechanism of Steam Generation 


Transfer of heat from metal to boiliny 
liquid is the driving force that generates 
steam. The greater the rate of heat 
transfer, the greater will be the tem 
perature drop across the liquid heat 
transfer film. Since film temperatures 
and equilibrium film concentrations ar: 
related to each other, rate of heat transfer 
is an important factor in concentrating 
film phenomena and associated boiler 
scale and corrosion problems. 

Fig. 5 depicts several variations in the 
process of heat transfer from metal to 
liquid under non-boiling and _ boiling 
conditions. No boiling occurs at lower 
rates of heat input. Heat passes directly 
from metal to liquid, causing the liquid 
to be superheated in proportion to the 
rate of heat input and proximity to the 
metal. Nucleate boiling starts when heat 
transfer is great enough to form small 
bubbles at the metal surface. Steam 
in these bubbles is superheated slightly, 
since they form in contact with metal 
whose temperature is necessarily higher 
than that of the bulk of the water. In 
moving away from the metal, these tiny 
bubbles pass through a region of decreasing 
superheat and therefore tend to collapse 
by losing heat to the surrounding liquid. 
While some of these bubbles may coalesce 
into larger ones, they are too small and 
too few to survive; all condense before 
reaching the boiler water at saturation 
temperature. 
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Ebullition, i.e., actual steaming, starts 
when the bubbles are large enough and 
numerous enough to persist as a stable 
phase when they leave the region of super- 
heated liquid. There may be some 
hrinkage in volume as bubbles pass 
through the zone of decreasing tempera- 
ture. But if some steam remains when 
saturation temperature is reached, ebulli- 
tion proceeds. 

Increasing heat input causes more and 
more surface to be covered by bubbles, 
eventually producing a continuous blanket 
of superheated steam over the metal. 
In this case, heat passes first from metal 
to superheated steam, and then from 
superheated steam to superheated liquid. 
Film boiling occurs with evaporation 
taking place at the steam-water interface. 

So long as heat flows from metal to 
liquid, there is a temperature gradient 
between the metal and the liquid at 
saturation temperature. If evaporation 
occurs within the film of liquid at elevated 
temperature, solids dissolved in the liquid 
will tend to concentrate until conditions 
of non-boiling equilibrium are satisfied, 
giving rise to the so-called ‘‘concentrating 
films.’’ 


Mechanism of Scale Formation 


Fig. 6 shows four instants in the life 
of a steam bubble. First a tiny nucleus 
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Fig. "5—The mechanism of steam 
generation 


of steam forms at some favored point 
(Fig. 6-A). While the bubble is growing, 
evaporation occurs around a ring where the 
bubble joins the metal. Impurities in 
the water thus evaporated tend to con- 
centrate in the ring. When saturation is 
reached with respect to some constituent 
in the water, precipitation results (Fig. 
6-B). The process continues, leaving a 
film of highly concentrated brine or a crust 
of precipitated salts (Fig. 6-C). If the 
boiler water contains dissolved matter, 
it concentrating film is created under 
every steam bubble. Suspended or pre- 
cipitated solids may be associated with 
the concentrating film. 

Fresh boiler water flushes over the 
surface after each bubble becomes de- 
tached, tending to remove the concentrat- 
ing film (Fig. 6-D). The net effect is a 
resultant of two opposing tendencies: 
‘oncentration and rinsing. If rinsing is 
idequate, precipitated salts are dissolved 
iway and the concentrating films are 
liluted as fast as they can develop in the 
‘ourse of bubble formation. On the 
‘ther hand, if film concentrations build 
up more rapidly than they can be dimin- 
ished by rinsing, continued repetition 
f the bubble-formation process will 
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Supporting flange is separate from and ce, 
independent of jointing flange. Jointing 
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than studs are used to connect jointing flanges. 


CORRECTLY PROPORTIONED, 
STRONG CONNECTION BENDS 
These are designed to provide needed flexi- 


bility with strength. Flanges on tubes, bends 
and manifolds are accurately machined. 
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Whether it’s large, monolithic wall sections, 
baffles, arches, linings or smaller precast 
shapes of various types—you can definitely 
put an end to refractory replacement or 
repair worries with R & | Moldit Refractory 
Cements. 

It takes no great skill to make or install 
Moldit shapes. Any replacement or repair, 
large or small, can be poured or cast, air 
cured and put into service in a few hours. 

Make them as you need them, or, if you 
prefer, we can precast them in any shape, 
size and quantity—and ship quickly. 

Moldit Castables are strong at high and 
low temperatures. No spalling, no shrink- 
age; entirely water resistant. They're more 
efficient than fire brick; lighter, stronger. 
There’s a Moldit Cement for just your needs. 

Try Moldit, America’s leading quality 
castable refractory, on your next job. Learn 
more about it. Write for Catalog R-52. 
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result in scale accumulation or other 
adverse effects. 

The character of the final solution at 
tained on a steaming surface, and con 
sequently the tendency toward scale 
deposition, depends upon three things: 
the relative amounts and types of impur 
ities in the boiler water, the rate of heat 
transfer, and the vigor with which normal! 
boiler water flushes the surface. Dep 
osition can be minimized (1) by reducing 
the heat input so that lower concentrations 
will obtain in the concentrating films, 
(2) by increasing liquid velocity and 
turbulence so the concentrating films will 
be dissipated more rapidly, (3) by modify- 
ing boiler-water compositions to exclude 
those compounds that tend to crystallize 
or produce adherent residues under 
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% "Film" Region Of increasing 
Temperature And Concentration 
Fig. 6—The mechanism of scale for- 
mation 


concentrating film conditions, (4) by 
adding special chemicals to disperse 
suspended solids in the boiler water and 
render them less resistant to rinsing, 
and (5) by reducing the total amount 
of dissolved and suspended matter in the 
boiler water. 


Characteristic Effects of Concentrating Films 


As mentioned earlier, evaporation con- 
tinues at the metal-water interface until 
the boiling temperature of the concentrat- 
ing film approximates that of the metal 
surface. If rinsing is too slow with re- 
spect to the rate of bubble formation, and 
if non-boiling equilibrium does not occur 
before saturation is reached for some 
constituent in the boiler water, that con- 
stituent will commence to precipitate as 
a deposit on the metal. All of the boiler- 
water components which might precipi- 
tate in this way may be thrown out of 
solution before the concentrating film 
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comes to non-boiling equilibrium. But 
if some caustic alkalinity remains in the 
concentrating film after substantially 
ill of the dissolved salts are precipitated, 
caustic may concentrate to a high degree 
before non-boiling equilibrium is reached. 

Caustic concentrations as low as 5 per 
cent may be aggressive to boiler steel 
At this and higher caustic concentrations 
the protective oxide coating over the 
metal tends to dissolve. Metal thus 
exposed immediately reacts with water, 
attempting to form a new protective 
film of iron oxide. But when the caustic 
concentration remains high enough to 
prevent formation of an oxide film, re- 
action between the metal and the boiler 
water continues, and caustic corrosion 
occurs. Hydrogen produced as a product 
of this reaction may enter the metal and 
make it brittle. 

Of course, a continuous layer of mineral 
salts precipitated from the boiler water 
may protect the metal against attack by 
caustic in the concentrating film. The 
chances for caustic corrosion (and hydro- 
gen embrittlement) are therefore dimin- 
ished by the presence of dissolved boiler- 
water salts which can precipitate in the 
form of a continuous protective barrier 
over the metal, although failure due or 
overheating may result instead. 

‘Hide out” of boiler-water phosphate, 
in the author’s opinion, can be easily 
explained now. This constituent 
(Na;PQ,) is less soluble than some of the 
other dissolved substances normally pres- 
ent in boiler water and, is one of the first 
salts to precipitate under severe con- 
centrating-film conditions. When boiler 
load is reduced and the steaming surfaces 
are more accessible to rinsing by normal 
boiler water, the ‘‘hidden’’ phosphate 
is believed to go back into solution auto- 
matically. In extreme cases of phosphate 
“hide out’? accompanied by high film 
concentrations of caustic, metal attack 
may occur and produce sodium ferrous 
phosphate as the corrosion product. 

Some boiler-water components may 
decompose in the concentrating films 
For example, hydrogen sulfide odors in a 
plant whose boilers are treated with 
sulfite may very definitely indicate ‘‘hot 
spots’’ where sulfite is breaking down 
Organic treating chemicals or natural 
organic contaminants in the feedwater 
may sometimes decompose in concentrat- 
ing films, producing carbonaceous residues 
which interfere with rinsing and thereby 
promote even higher film concentrations. 
Copper ions in boiler water may be re- 
duced to metallic copper by hydrogen 
liberated in the course of caustic corrosion, 
thus accounting for large percentage of 
copper in deposits associated with caustic 
attack. 

Certain studies have indicated that 
the amount of volatile silica in steam is 
proportional to silica concentration in the 
boiler water, the proportionality constant 
ranging from substantially zero (at 
pressures of 600 psig and less) to about 
0.033 (at pressures around 2200 psig). 
Steam from some boilers seems to contain 
more volatile silica than predicted on the 
basis of operating pressure and _ boiler- 
water silica concentration. This situation 
may be simply due to the fact that silica 
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Reliance Alarm Water Column 
No. W450-C12 and EYE-HYE 
E901 form the Safety Team at 
the Philadelphia brewery of 
C. Schmidt & Sons, Inc. 


5 ew safest way to prevent boiler water level accidents 

and costly shut-downs is the combination of visual and 
sound indications. You’re doubly safe when operators can 
check EYE-HYE’s convenient, clear-cut reading right at 
their control station augmented by the alarm on your 
Reliance Safety Water Column. You don’t want that 
alarm to sound, but it’s there, ready to prevent an over- 
sight if gage-reading is delayed. Make doubly sure with 
the Reliance Safety Team. There’s a Reliance Repre- 
sentative near you—glad to check your requirements—or 
write to the factory. 


THE RELIANCE GAUGE COLUMN CO., 5902 Carnegie Ave., Cleveland 3, Ohio 
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concentrations are considerably higher 
in the concentrating films than in the boiler 
water prcper. 


Problems Associated With Degree of Film 
Concentration 


“Degree of film concentration’? may be 
defined as ratio of steaming rate to rinsing 
rate on the steam-generating surface 
It will increase with higher rates of steam 
generation but decrease with more efficient 
rinsing. 

In Fig. 7, a dotted line is drawn to 
represent schematically the behavior of 
sodium hydroxide under conditions of 
increasing evaporation in the concentrat- 
ing film. Being extremely soluble, sodium 
hydroxide does not precipitate; it in- 
creases directly in proportion to the de- 
gree of film concentration. 

Most dissolved salts behave quite differ- 
ently from sodium hydroxide. Boiler 
water containing calcium and carbonate 
ions cannot be concentrated very many 
times before it commences to precipitate 
calcium-carbonate scale, this being the 
least soluble calcium-scale material 
naturally present in boiler water. 

Calcium sulfate scale requires a higher 
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Fig. 7—Characteristic effects as- 
sociated with increasing degrees of 
film concentration 


degree of film concentration than that 
necessary to throw down calcium car- 
bonate, since calcium sulfate is the more 
soluble of the two. Whether calcium car- 
bonate or calcium sulfate, or a mixture 
of both, is obtained naturally depends 
on the concentrations of carbonate and 
sulfate ions in the boiler water. Fig. 7 
attempts merely to illustrate the most 
common, or most probable, sequence of 
events with respect to increasing degree 
of film concentration. The representa- 
tions are naturally quite arbitrary and 
present only a general and limited pattern 
of what happens in any actual boiler. 
Formation of scale removes dissolved 
material from solution. In contrast to 
the dotted line, the solid line in Fig. 7 
attempts to show that dissolved solids in 
the concentrating film increase to a lesser 
extent, for the same number of concentra- 
tions, while scale is precipitating. But 
when a point is reached where hardly any- 
thing but sodium hydroxide remains in 
solution, the concentration of this constit- 
uent increases in direct proportion to the 
degree of concentration in the film. It 
should be remembered, of course, that in 
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order to satisfy the final equilibrium deter- | 
mined by temperature gradient in the 
film, a greater or lesser number of con- 
centrations may be required, depending 
upon the original composition of the water. 


Formation of Complex Silicates 


Complex silicates form under conditions 
of exceedingly high film concentrations. 
Typical complex silicates frequently found 
in boiler deposits are analcite (Na,O. 
Al,O;.4Si02.2H2O), acmite (Na,O. FesOs. | 
48102), noselite [3( Na,O. Al,O; 2Si0,-). 
2Na2SO,], and sodalite. [8( Na,O.Al,0; 
2SiO.).2NaCl]. As a general rule, pres- 
ence of any of these materials in a boiler 
deposit indicates localized excessive heat 
input or some interferenee with the normal 
rinsing process. 

Salts such as sodium phosphate and 
sodium sulfate are ordinarily considered 
to be quite soluble in water, but even these 
may be thrown down as scale if the degree 
of film concentration is high enough. 
Water-soluble deposits generally indicate 
a degree of film concentration appreciably 
higher than that required to form complex 
silicates. Their presence can be taken 
as almost conclusive evidence that boiler 
water has been evaporated substantially 
to dryness in the concentrating film. 

If the boiler water contains sodium 
hydroxide but no dissolved salts that can 
precipitate as a protective layer over the | 
metal, this alkali may concentrate suffi- 
ciently to produce caustic corrosion and, 
possibly hydrogen embrittlement. Ac- 
mite (sodium iron silicate) may be formed 
as a result of caustic corrosion in the pres- 
ence of boiler-water silica. When the 
boiler contains no dissolved material of | 
any kind, exceedingly high rates of heat 
transfer may result in direct oxidation 
of the metal by superheated steam. In 
boiler tubes, this type of attack seems to 
occur only under conditions of film 
boiling. 


Concentrating Film Under Normal Heat- 
Flow Conditions 


Thus far the emphasis has been on 
heat-transfer rate. However, the con- 
centrating film may become troublesome 
even under normal heat-flow conditions. 
Anything that impedes rinsing is detri- 
mental. Water-permeable deposits of any 
kind resist rinsing, and it is easy for boiler 
water to concentrate within the pores of 
such a deposit. For example, a boiler 
may remain quite clean under ordinary 
operating conditions. But suppose a 
small amount of oil contamination turns 
up sometime and causes a thin layer of 
oil-bound sludge to stick to certain steam- 
ing surfaces. Evaporation of boiler water 
within the pores of this adherent sludge 
might lead to complex silicate scale or 
even caustic attack of the metal. Similar 
‘ffects might be produced by dissolved 
iron in the feedwater or the presence of 
iny other binding substance that can form 
porous deposits. Failure through over- 
heating or corrosion might thus occur 
it relatively conservative rates of heat 
nput and in spite of excellent control 
»ver boiler-water chemical concentrations 
in general. 
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That's how the record for 


*51 compares with 50 — a gain of 


15% in square feet of new-boiler 
heating surface Apexior-coated, in 
manufacturing plants, central sta- 
tions, institutions and government 
facilities — evidence of continued 
and growing recognition of the 


benefits of internal boiler surfacing. 


Many another theory of boiler 
operation or maintenance has found 
favor over the years, flourished for 
a time, and been superseded by 
some still newer idea. Such others 
as scientific feedwater control have 
permanently altered boiler operat- 
ing techniques. Yet now for more 
than thirty years, throughout practi- 
cally the entire development of high- 


pressure steam generating knowl- 








NUMBER | has continued to serve 


its unique function. 


Simply by adding a smooth, 
moisture-impervious film that keeps 
tubes and drums sound and clean, 
APEXIOR frees steel from the in- 
evitable variations of normal boiler 
operation. Thus stabilized for last- 
ing “new-metal” performance, the 
APEXIORized boiler 


longer, better service, at less cost. 


gives you 


Helping steel produce power 
more abundantly and efficiently is 
the function, too, of other Dampney 
coatings — ceramics and silicones, 
for high-heat service; vinyls, asphal- 
tums and chlorinated rubber 
all equipment-engineered for highly 
specialized service. Let us put our 
experience and facilities to work on 


your metal maintenance require- 








edge and practice, APEXIOR ments. 
WRITE 
v2 
MAINTENANCE 
FOR METAL 
€eem pean v¥ 
147-4 HYDE PARK. BOSTON 36. MASSACHUSETTS 
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2 separate ENCO Fuel Oil Units 
Meet Plant Needs 


Here is a typical Enco two-unit 
installation which handles fuel oil 
pumping and heating requirements 
in the plant of a building materials 
manufacturer. 

Fuel Oil Pumping and Heating 
Unit, built with two pumps and two 
heaters, is designed for continuous 
plant load service. Capacity is 11 
gpm Bunker C fuel oil with one 
pump or one heater at 300 psig pres- 
sure with a temperature rise from 
90F to 230F. 

Light Oil Pumping Unit for cold 
Start-up service. Capacity is 3 gpm 
#2 oil at 300 psig pressure. 

Enco pump sets are designed to give 
you easier control and longer main- 
tenance-free operation. They are 
simple and economical to install. All 
you need do is to connect to station 
piping and run. Before shipping, 
every Enco Fuel Oil Pumping and 
Heating Unit is completely tested 


under high pressures. For complete 
details on wide-range line, write for 
Bulletin O B -37. 


Only ENCO offers 


all ten plus features 


1. Completely Automatic Oper- 
ation is assured by automatic tem- 
perature and pressure regulation 
valves. 


2. Coordinated Design Saves 
Space. All equipment essential to 
the preparation of fuel oil for com- 
bustion is contained in one compact 
unit. 


3. Individually Designed to meet 
the specific needs of the particular 
power plant in accordance with its 
exact operating requirements. 

4. All Parts Visible and Acces- 
sible for easy operation, mainten- 
ance and repair. 


5. Pumps and Heaters are inter- 
connected to provide maximum flex- 
ibility of operation. 

6. Safety Valves protect individual 
parts where required. 


7. Easier Maintenance —Less 
Service-Time for Cleaning because 
straight tube, multi-pass heaters with 
removable heads are used. 


8.Pumps Operate at Moderate 
Speed. Heaters designed to give the 
correct viscosity and velocity without 
fouling. 

9. Smoother Flow of Clean Fuel 
to Furnace. Air chamber for each 
piston pump prevents pulsations— 
pressure regulator for rotary pumps. 
Twin type strainers provided to keep 
atomizer tips from clogging. 

10. Cleaner Boiler Room .. . all 
overflows connected to a common 
outlet, flanged drip pan catches oil 
drip. 


THE ENGINEER COMPANY 


75 WEST STREET, NEW YORK 6, N. Y. 


IN CANADA: F. J. RASKIN, LTD., 4220 IBERVILLE ST., MONTREAL 34, P. Q. 


April 1952—-C OMBUSTION 





De 
\ccor 
tende 
of ne 
static 
all te 
neere 
perfo 
ratin 
prod 
value 
Anal 
first 
show 
and ; 
tivel 


latio 
tric 


mat 
pun 
an ¢ 
lock 
pus 
can 
wit 
cap 
dia! 
dyr 
for 
and 
dyr 








New Centrifugal Pump Test 
Stand 


De Laval Steam Turbine Co., Trenton, 
iccording to Paul Nurko, test superin- 
tendent, has recently completed a series 
of newly-designed centrifugal pump testing 
stations which have greatly reduced over- 
all test costs. These stations are engi- 
neered to give a complete reproduction of 
performance for pumps of all sizes and 
ratings. Although primarily designed for 
production testing, they have also proved 
valuable in research and development. 
Analysis of test data assembled over the 
first twelve months of operation has 
shown a direct reduction in testing time 
and a saving in man-hours that has effec 
tively cut testing costs to 25 per cent of 
the previous established cost. 

These test stands are permanent instal- 
lations consisting of a double-ended, elec- 
tric dynamometer mounted on an auto- 





The test engineer operates the unit 
and conducts the test from a control 
desk and panel 


matic lift located between two pre-aligned 
pump bedplates. The lift is powered by 
an electric motor operating through a self- 
locking gear train and is controlled by 
push buttons so placed that the test erector 
can readily secure proper height alignment 
within 0.22 in. One of the stations is 
capable of testing pumps up to 6-in. 
diameter discharge and requires the 
dynamometer to be set at various heights 
for the various size units. Signal lights 
and safety controls are built in for the 
dynamometer lift. 


Pump Alignment Features 


The test erector has no need for a variety 
of tools Pumps of one rotation are 
coupled to one end of the dynamometer 
shaft while those of opposite rotation are 
coupled to the opposite end. The dy- 
namometer has sliding type couplings on 
which coupling bolts are permanently 
mounted. The pumps are automatically 
aligned laterally when set on doweled pads 
which have special clamping and align- 
ment fixtures that reduce aligning time to 
a matter of minutes. An electrically oper- 
ated one-ton crane simplifies pump han- 
dling. 


(Continued on page 66) 
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“A DIME SPENT NOW on proper design 
CAN STOP THE MARCH 


of wasted coal dollars”’. 


EQUIPMENT LASTS FOR YEARS 
COAL FOR SECONDS 

Fairmont Coal Bureau Engi- 
neers have the facts and figures 
on hundreds of plants that have 
been designed to efficiently burn 
Fairmont Low Fusion Coal. 

Their “know-how” applied 
to your problem might result in 
lower steam costs for you. 


Write today and 
have your name placed 





on our mailing list. 


MAIL COUPON TODAY! 


FAIRMONT COAL BUREAU, Chanin Bidg., 122 E. 42nd St., New York 17, N. Y. 


Kindly place me on your mailing list to receive copies of your publications and Technieal 
Reference Bulletins. 
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LESS SERVi¢, 
4% 





PACIFIC 
TYPE WBF 


CENTRIFUGAL BOILER FEED 


You Specify — The capacity, tem- 
perature and pressure. 


PACIFIC TYPE ABF 


Pacific Will Specify — The most 
efficient size and the correct ma- 
terials. 


You Will Receive from Pacific — 
A custom built pump with pres- 





sure castings, hydrostatic tested... 
each part precision finished and 
inspected . . . one-piece impellers, 
dynamically balanced... perform- 


PACIFIC TYPE IBF 


ance tested and shipped with parts 
protected with rust inhibitor. 


Write for Bulletin No. 109. 





HUNTINGTON PARK, CALIFORNIA 
Export Office: Chanin Bidg., 122 E. 42nd St., New York * Offices in All Principal Cities 





Permanent Venturi Banks 


The test station features a system of pip 
ing which simulates actual field installa 
tion. Pump suction piping includes a 
movable manifold deeply submerged in a 
swirl or vortex free pool of water. The 
interconnected reservoirs of water have a 
total capacity of 400,000 gallons. Special! 
eccentric pipe reducers provide means of 
piping pump suction to the manifold and 
quick connecting adapters are used for 
piping connections. The water is dis 
charged through a flexible hose that 
empties into a pipe system below the oper 
ating level. 

Water is then metered through a bank of 
calibrated venturis, shown in the back- 
ground, that can be operated singly or in 
parallel. The system head is low and by 
use of a motor-operated valve, additional 
friction is created so that pumps are 
tested over a wide range of heads. The 
pipe system requires no priming and is free 
of air locks. Suction lifts are applied to 
the pump for the control desk. 


Test Panel and Instrumentation 


The test engineer operates the unit and 
conducts tests from a control desk and con- 
trol panel which contains highly sensitive 
instruments. The venturi manometers 
are calibrated to read directly in gallons 
per minute with the graduations so ar- 
ranged that capacities may be read closer 
than is possible with a rule. Given flows 
are then set by the operator with a button- 
controlled valve. A_ gage tester is 
mounted in the control cabinet so that 
calibrations can be obtained in a matter of 
seconds. 

A standard springless scale on a fixed 
motor arm indicates the motor torque 
This method has proved to be most reliable 
and trouble free for indicating the absolute 
value of the torque. By use of selsyns, 
the torque may be read to the tenth of a 
pound on one of the control panel dials. 
For the test engineer's use, a field and 
armature ammeter and a voltmeter are 
included. 

The dynamometer speed is controlled 
from the desk by use of two field rheostats. 
With the vernier rheostat, the speed may 
be adjusted to the exact value for which 
the pump is designed to operate. Voltage 
fluctuations are practically negligible with 
the use of a voltage regulator. 

The speeds are set approximately with a 
synchronous electric tachometer, and held 
accurately by means of a stroboscopic 
light. Through a_ specially colored, 
marked transparent disk revolving in 
synchronism with the pump shaft the 
speed is held constant. For calibration of 
the electric tachometer, the average speed 
may be measured within one revolution 
per minute by using an automatic syn- 
chronous counter. All speed instruments 
are mounted in the control panel beneath 
the pressure gages. Moreover, the ar- 
rangement of instruments in the control 
panel provides the engineer with a clear 
vision in the observation and recording of 
the test data. 

Such shop test installations, simulating 
actual industrial service, are intended to 
insure performance regardless of the rating 
of the pump. 
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ASME Meets on Pacific Coast 


HE Spring Meeting of the American 

Society of Mechanical Engineers was 
held in Seattle, Washington, March 24- 
26, with a varied program that also touched 
upon developments and problems of 
the Pacific Coast and Northwest. Brief 
abstracts of a few of the fuels and power 
papers follow. 


Design for Reduced 
Maintenance 


In a pape: dealing with the effect of 
maintenance on design, B. C. Mallory and 
F. W. Argue, both of Stone & Webster 
Engineering Corporation, cited Federal 
Power Commission data to show that it 
costs nearly twice as much to keep capacity 
in service in the average central station 
as it did ten years ago, even though a third 
of the capacity is new. While there are 
a number of factors affecting maintenance 
costs, the authors confined the paper to 
the provision of facilities that permit rapid 
overhaul and thereby minimize main- 
tenance expense. 

It has been common practice to provide 
space for dismantling main turbine-genera- 
tors and boiler feed pumps, as well as for 
cleaning and retubing condensers, but with 
the increased complication of modern 
steam power plants there are many other 
items for which the designer should make 
provision. These were illustrated by 
views and layouts taken from two late 
plants—one a central station and the 
other an industrial plant. They included: 

1. Installation of air preheaters, ducts, 
fans and fly-ash collectors at ground level 
outdoors. 

2. Suitable protection for workmen 
against inclement weather when working 
on outdoor equipment. 

3. Arrangement by which traveling 
screens and circulating water pumps may 
be lifted by a mobile crane. 

4. Removable checker plates and open 
wells in the turbine room through which 
the main crane may be used. 

5. Access roads over which trucks may 
travel to deliver supplies at the basement 
level. 

6. Conveniently located and accessible 
lockers for tools, brooms, etc. 

7. Provision of a_ portable electric 
welding machine with plug-in outlets 
at suitable points in the station to avoid 
excessively long leads. 

8. Adequate centralized space for 
storage of miscellaneous lubricants to 
avoid oil and grease storage in various 
locations which is not conductive to good 
housekeeping or efficient maintenance. 

9. An outdoor shed is often desirable 
for storage of refractories, insulation and 
other materials for which it is uneconomi- 
cal to provide live and heated storage 
space. 


Canadian Oil for Pacific Coast 
States 


California oil reserves are considered 
inadequate to supply steadily mounting 
Pacific Coast demands, which have already 
outstripped present production in the 
California oil fields. On the other hand, 
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oil discoveries in the Province of Alberta, 
Canada, have continued steadily over the 
past five years until it is now necessary 
to find new markets if the present supply 
is to be fully utilized and further explora- 
tion not be retarded. 

According to D. L. Roberts, vice-pres- 
ident of Canadian Bechtel, Ltd., Canadian 
oil is to be brought through passes in the 
mountains by a 700-mile pipe line from the 
vicinity of Edmonton to Vancouver, 
British Columbia. This line is scheduled 
to be completed late in 1953 and will be 
capable, initially, of delivering 75,000 bbl 
per day. 

Although the anticipated demand in 
British Columbia by 1954 is only 37,500 bbl 
per day, there is strong probability that 
the throughput of the line will be stepped 
up substantially soon after its completion 
in order to help meet the situation in 
California, Washington and Oregon; al- 
though it will be necessary to increase 
greatly the refining capacity in the two 
last-mentioned states. 

Mr. Roberts further emphasized that 
the bringing of crude oil to British Colum- 
bia and the Pacific Northwest by a pro- 
tected inland medium is vital to the defense 
policies of both Canada and the United 
States, as now practically all oil and re- 
fined products must be shipped in by 
tanker. For this reason defense authori- 
ties have made the necessary tonnages of 
steel pipe available. 


P. G. & E. 34-In. Gas Line 


This gas pipe line, described in a paper 
by Messrs. J.J. Pugh, R. L. Hamilton and 
R. Finnie, and recently completed by the 
Pacific Gas and Electric Company, delivers 
400 million cubic feet of natural gas daily 
from feeder lines in Western Texasand New 
Mexico to the southern shore of San 
Francisco Bay. It is 502 miles long, 34 in. 
diameter and has a tapered wall thickness. 
There are three gas-engine-driven recip- 
rocating compressor plants, one of 15,000 
bhp at Topock, another of 17,500 bhp at 
Hinkley and a third of 12,320 at Kettleman. 

Employment of a tapering wall thick- 
ness ranging from '/. to 5/1 in., to take 
advantage of the decline in pressure 
gradient, effected a saving of approxi- 
mately four million dollars. Steel plate 
was used and the longigudinal joints were 
welded by the automatic shield-are proc- 
ess, then expanded hydraulically in dies 
to render them perfectly round. 


Turbine-Generators for 
Industrial Plants 


Types of industrial plant turbines, 
features of their design, various applica- 
tions and systems of control, were dis- 
cussed at some length in a paper by S. D. 
Fulton of the Westinghouse Electric 
Corporation. 

Such units, he explained, are usually of 
the impulse type which lends itself to 
relatively small volumetric steam flows 
with good efficiency; because with partial 
admfSsion stages, favorable disk diam- 
eters and blade lengths can be employed. 
In the larger sizes the impulse-reaction 
type is frequently used. 
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Eight basic types of turbines were listed 
and illustrated and their functions sum- 
marized. These were (1) straight con- 
densing; (2) condensing with automatic 
single extraction ; (3) condensing with auto- 
matic double extraction; (4) straight non- 
condensing; (5) noncondensing with auto- 
matic single extraction; (6) noncondensing 
with automatic double extraction; (7) 
condensing with steam extraction or 
induction, according to whether there is an 
excess of steam at the process pressure or 
a deficiency of steam; and (8) mixed pres- 
sure, in which steam is inducted when the 
pressure in the turbine at the induction 
point is lower than that of steam in the 
line to which it is connected. Any one 
or more of these types can be employed 
to obtain the best balance between steam 
and electrical demands. 

Nonautomatic extraction is gw little 
used in industrial plants since the steam 
pressure is uncontrolled; hence it is not 
suitable for process; although nonauto- 
matic extraction above the automatic 
extraction point may be used for feed- 
water heating. 

With reference to selection of steam 
conditions, which is primarily an economic 
matter, Mr. Fulton stated that reliable 
industrial equipment for pressures up to 
1250 psig and 900 F, even in small sizes, 
is now available. Temperatures at the 
turbine exhaust or extraction opening 
need not be a determining factor since a 
spray-type desuperheater or a thorough- 
fare desuperheating heater can reduce 
the temperature to near saturation 
Furthermore, condensing processes can 
usually tolerate a considerable amount of 
superheat, since the condensing tempera- 
ture is determined by the condensing pres- 
sure rather than the total temperature of 
the steam. 

It is obvious that raising the initial 
pressure and temperature will permit 
generation of more by-product power; 
and less obvious, but equally true, is the 
fact that a noncondensing turbine will 
produce specific quantities of electric 
power and process steam with upwards of 
5 per cent less throttle flow than a con 
densing-extraction turbine. Therefore, in 
specifying capacity of a turbine, care 
should be taken to avoid specifying excess 
extraction capacity as this will impair the 
turbine performance. When process steam 
pressures are close, it may be more econom- 
ical to extract at the higher pressure and 
employ a reducing value for the lower 
pressure. 


Wood-Waste-Fired Gas 
Turbine Unit 


As part of a program directed toward the 
generation of power from waste wood, 
chiefly sawdust, at the Oregon Forest 
Products Laboratory, an experimental 
unit was constructed and has been in 
operation since November 1950. This, 
together with test results, was described 
in a paper by G. H. Atherton and S. E. 
Corder of the Laboratory staff. 

This experimental installation consisted 
of an aircraft turbosupercharger set up as 
an open-cycle gas turbine, the combustion 
system of which consisted of an under- 
feed stoker supplied with wundergrate 
air, overfire air jets and dilution air admit- 
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ted above the furnace. Gas temperature 
was regulated by varying the undergrate 
air supply to give an immediate change in 
the burning rate. Once this was accom- 
plished, the fuel rate was increased or 
decreased to seive as the primary control 
of turbine inlet temperature. 

Combustion efficiencies of 92.5 to 99 
per cent were obtained with heat release 
rates up to 900,000 Btu per sq ft per hr and 
190,000 Btu percuftperhr. Themaximum 
static pressure loss through the furnace 
grate was 0.26 in. of water. 


Gas Turbine Development 


F. T. Hague of Westinghouse Electric 
Corporation reviewed the history of gas 
turbine development in both Europe and 
the United States beginning with three 
commercial installations in Switzerland 
in 1940 and 1941. These were a 2000-kw 
closed-cycle Escher Wyss unit in Zurich, 
a 4000-kw open-cycle Brown Boveri 
standby unit installed in an underground 
bomb-proof station in Necuhatel, and 
a 2000-hp gas-turbine locomotive on the 
Swiss Federal Railways. 

The war held up further commercial 
installations for stationary plants, but 
predating these there was progress in the 
field of military aviation, contracts for 
jet-propelled gas-turbine-power aircraft 
for the German government having been 
let in 1938 and a jet-propelled plane was 
tested in England in 1939. From 1943 
on, jet-propelled planes began to assume 
importance in the United States. 

However, commercial gas-turbine de- 
velopment in England is currently being 
carried on by a group of firms, aside from 
aviation activity, one basic premise of 
the British objective being to sell its 
technology in gas turbines as an export 
in the form of licenses. 

With the termination of war restrictions 
interest in the United States wasstimulated 
by what was going on abroad and several 
prototype gas-turbine power plants of 
500 to 5000 hp have been built here. 

In Switzerland Brown Boveri has 17 
sets built or building and has put into 
operation throughout the world 14 gas- 
turbine units of 85,000 kw total rated 
capacity. These are open-cycle units 
employing compressor intercoolers and 
regenerators. These are designed for 
1112 F top temperature which means much 
heavier units than those of the 1400-F 
standards as favored in the United States. 
However, the lower temperature level per- 
mits use of conventional turbine steels 
instead of costly high-temperature alloys. 

Escher Wyss, following the 2000-kw 
closed-cycle demonstration unit, built one 
of 12,500 kw which is now in operation at 
the St. Denis Station in Paris. An essen- 
tially duplicate machine is now being 
installed at Dundee, Scotland, by their 
licensee, John Brown Ltd. of Glasgow. 
Also, a 700-kw waste-heat closed-cycle 
unit is being built for a gas works at 
Coventry, England. 

Sulzer Bros. built a 20,000-kw semi- 
closed-cycle 1250-F gas-turbine plant 
which went into service in 1950 at Wein- 
felden. 

The nonaviation gas-turbine situation 
in England is strongly supported by 
government funds through contracts with 
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private firms. In the commercial field 
at least nine units ranging from 750 to 
20,000 kw are now under construction by 
four British firms. 

In the United States, in the power 
generation field, General Electric Company 
is reported to have two 3500-kw units in 
operation and several under construction. 
Westinghouse has one 5000-kw and one 
15,000-kw unit on order for installation 
in 1952 and 1953. In addition there is 
the development work being carried on at 
the Locomotive Test Plant at Dunkirk, 
N.Y. 

Commenting on the general economic 
situation, Mr. Hague observed: 

“The prospect of gas-turbine applica- 
tions and the pattern of development being 
followed is basically similar but differs 
in essential respects in Switzerland, 
England and United States. The gas 
turbine in its present stage of development 
is an economic and practical reality in all 
parts of the world for certain types of 
applications. These fields of application 
exist when either the cost of fuel, plant 
load factor or plant first cost is sufficiently 
low or where the advantages of small 
size, portability, or absence of water re- 
quirements can be evaluated. In the low 
cost liquid and gas fuel regions of the 
world the complete gas turbine plant out- 
evaluates the complete steam plant in 
sizes up to 15,000 kw and this dividing 
line may be doubled within the next few 
years, as attractive new forms of gas 
turbine plant now building are proved out 
in operation. 








Business Notes 











The Swartwout Company, Cleveland, 
has appointed the firm of Mercator de 
Mexico S.A. as its sales and engineering 
representative to handle its line of power- 
plant equipment in Mexico. 

Baldwin-Hill Company, manufacturer of 
industrial mineral wool insulations, has 
appointed P. A. Bell as its New England 
district sales manager. He will operate, 
however, from the Company’s sales office 
at 500 Fifth Avenue, New York. 

Midwest Piping & Supply Company’s 
eastern division has been moved to 50 
Church Street, New York City, with L. C 
Voyce as manager. 

Green Fuel Economizer Company, 
Beacon, New York, has added the Aero- 
dyne dust collectors to its line of products. 
Developed in Sweden before the war, this 
type of collector was first introduced into 
the United States in 1949 and has already 
been installed in a number of well-known 
plants. 

The C. O. Bartlett & Snow Company, 
Cleveland, is opening a Pittsburgh Office 
at 91 Central Square, Pittsburgh 28, where 
it will be represented by John M. Marston. 

C. H. Wheeler Mfg. Co., Philadelphia, 
has named John M. Sperry sales manager 
of the Heating Pump Department of its 
Economy Pump Division. 











for greater 


economy: 





sarety 


Sauerman Drag Scraper of 


store and reclaim coal with 732.".2n%° ; 


coal at electric generating 


station. Powered by 60 
hp. motor, the Scraper 
moves 60 t.p.h. of coal 
into and out of storage as 


required. 


DRAG SCRAPERS 


One man easily handles big tonnages of coal with a Sauerman Power Drag 
Scraper—builds a high, flat-top, compact pile on any open space—moves coal to 
and from any point in the pile at a rapid rate. Further this single operator works 
in a dust-free, comfortable spot. Result: a satisfied employee—a simplified job. 
The Sauerman method of storage is safer, too, because it packs layers of coal 
together without air pockets that might promote spontaneous combustion. Aill 
this plus a moderate first cost and negligible maintenance means ‘““SSAUERMAN is 


your best buy!’’ 


Send now for illustrated Coal Storage Catalog 



















SAUERMAN BROS., INC. 


550 S. Clinton St., Chicago 7, III. 
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Film-Rupture Mechanism 
Of Stress Corrosion 


Stress-corrosion cracking, caused by the 
combined action of stress and corrosion, 
can be responsible for the spontaneous 
service failure of objects ranging from 
those of brass to those of stainless steel. 
A continuing investigation at the Na- 
tional Bureau of Standards, conducted by 
Hugh L. Logan, now provides new data 
on some of the mechanical and electro- 
chemical phenomena involved.' 

Corrosion is generally considered to be 
an electrochemical phenomenon, involving 
the flow of minute electrical currents be- 
tween areas of different potential. When 
most metals are exposed to ordinary 
atmospheres, a thin oxide film is quickly 
formed that tends te protect the metal 
from further corrosion. According to the 
most generally accepted theory,? which 
the Bureau study tends to confirm, stress 
corrosion cracking starts with a scratch or 
break in this protective film. Whenthe pro- 
tective film is broken through, the freshly 
exposed metal is more anodic (more nega- 
tive) than the surrounding film-covered 
surface, and if moisture is present an 
electric current flows that causes the 
metal to be removed from the exposed 
area 

According to Mears, Brown, and Dix 
“if attack penetrates preferentially along 
a narrow path, it would appear axiomatic 
that a component of tensile stress normal 
to the path would create a stress concen- 
tration at the base of the localized cor- 
roded path. The deeper the attack and 
the smaller the radius at the base of the 
path, the greater would be the stress con- 
centrations. Such a condition would act 
to pull the metal apart along these more 
or less continuous localized paths. At 
sufficient concentration of stress, the metal 
might start to tear apart by mechanical 
action . . . the tearing action described 
above would expose fresh metal, unpro- 
tected by films, to the action of the cor- 
rosion environment. Because this freshly 
exposed metal is more anodic, an increase 
in current flow from the base of the 
localized path to the unaffected surface 
would be expected, and hence there would 
be an acceleration of corrosion. Further 
corrosion would result in further tearing 
of the metal, and as a result increased rate 
of penetration would occur because of the 
mutual effect of the corrosion environment 
and the tensile stress.’’? 

To get a better understanding of the 
forces at work in stress corrosion, the 
investigators measured electrochemical 
potentials of five alloys in normal film- 
covered and film-free conditions, both 
stressed and unstressed. Specimens were 
immersed in a suitable electrolyte, and 
potentials were determined using a calomel 
reference electrode of the saturated KCl 
type. 

Studied were an aluminum alloy, a 
magnesium alloy, two brasses, a low- 
carbon steel and a stainless steel. Poten- 
tials were measured first for unstressed 
specimens having normal thin oxide films 
resulting from ordinary atmospheric ex- 
posure. Potentials were then measured 
for the same specimens after the filmed 
surfaces had been removed by abrasion 
with metallographic polishing paper. The 
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ON THESE TWO INSTALLATIONS 





RIGHT: The 400,000 kw 
(four units) Richard L. 
Hearn Generating Sta- 
tion of The Hydro-Elec- 
tric Power Commission of 
Ontario at Toronto, Can- 
ada. Stone & Webster 
Engineering Corp., Bos- 
ton, Mass., Engineers 
and Constructors. 





LEFT: The 264,000 kw 
(four units) J. Clark 
Keith Generating Station 
of The Hydro-Electric 
Power Commission of 
Ontario at Windsor, 
Canada. H. G. Acres & 
Co., Niagara Falls, 
Ontario, Consulting 


Engineers. 











Here’s on-the-job proof that Aerotec Series Mechanical-Electrical Dust 
Collectors are used for continuous efficiency. Guaranteed 97.5%, at normal 
full load the overall efficiency is anticipated as high as 99% at these two 
Canadian generating stations of The Hydro-Electric Power Commission of 
Ontario. Aerotec Series Collectors serving each plant combine a design 3RAS 
Mechanical and an Electrical Precipitator. 

In the Mechanical unit, small diameter, permanent molded aluminum 
tubes provide high efficiency. Exclusive Aerotec pocket type collecting elec- 
trodes in the Electrical Precipitator reduce reentrainment of dust in the gas 
stream, contributing to a sharp improvement in stack appearance. The com- 
bined actions of these units assure maximum dust collection efficiency. 
Many Aerotec Series installations verify that fact. 

Your plant can eliminate dust nuisances with 
Aerotec equipment just as many well-known 
companies have done. This highly successful 
performance is a reliable measure of Aerotec 
ability to solve your dust collection problems. 
Write our Project Engineers today! 





Project Engineers 
THE THERMIX CORPORATION 
GREENWICH, CONNECTICUT 
( Offices in 88 Principal Cities) 
Canadian Affiliates: T. C. CHOWN, LTD. 
Montreal 25, Quebec Toronto 3, Ontario 


THE AEROTEC CORPORATION 


GREENWICH, CONN. 
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Performance ratings of the Prat-Daniel F-D Fan are estab- 
blished according to the Standard Test Codes adopted by 
Y N.A.F.M. and the A.S.H.V.E. 

i Design characteristics provide unusually high conversion 
of Velocity Pressure to Static Pressure. This is accomplished 
by streamlined inlet cones that are larger in proportion to 




































How P-D split wheel the wheel than are usually found in forced draft fans. The 
ee unusual depth of the cones provide a wider housing than 





throughout the fan. 





would customarily be used, increasing the space available 
for diffusion. Precisely fashioned backward curved blades 
















































: provide a nearly perfect aerodynamic flow across both lead- 
ch ing and trailing edges. Double wheel fans are spaced apart 
Uf | to permit four way diffusion of air, further contributing to 
fF I this conversion. Peak efficiency.and horsepower curves fall 
well within normal fan selection range, offering the optimum 
in maximum efficiency and non-overloading characteristics. 
Conventional double 
wheel with common These are all carefully researched features that have made 
pn gene ne the Prat-Daniel F-D Fan a highly efficient 
poor diffusion. 





apparatus. Check these features before you 
decide on your next fan. Write for cata- 
log No. 300 today. 







UNIT RESPONSIBILITY 


The Thermix Corp., project a ay one for the Prat-Daniel Corp., 
offer all components required for the handling of air and gas: (1) P-D 
Forced Draft Fans; (2) P-D Air Pre-Heaters; (3) P-D Tubular Dust 
Collectors;(4) P-D Induced Draft Fans; and (5) P-D Fan Stacks. This 
unit responsibility, by a well known firm, relieves the engineer of 
the necessity of integrating equipment from various sources into 
the over-all project. 







Sales and Project Engineers 


THE THERMIX CORPORATION 


GREENWICH, CONN. 
Canadian Affiliates: T. C. CHOWN, LTD. 
1440 St. Catherine St. W., Montreal 25, Quebec 
50 Abell St., Toronto 3, Ontario 








Designers and Manufacturers 


PRAT-DANIEL CORPORATION 


SOUTH NORWALK, CONN. 





|abrading was done in an inert-gas (argon) 
|atmosphere in a dry box, and the poten- 
|tials were measured without removing 
the abraded specimen from this atmos- 
phere. Each metal studied was more 
cathodic (more positive) in the normal 
film-coated form than in the abraded 
form, by amounts ranging from approxi- 
mately 0.12 volt to 0.76 volt. 

The electrochemical solution potentials 
of the same alloys, in the normal film- 
covered conditions, were then measured 
with stress applied. It was postulated 
that, when tension is initially applied to 
a metal, small breaks develop in the pro- 
tective film, giving corrosion a chance 
to get started before a fresh film can form. 
If the electrochemical potential of the 
unprotected area alone could be measured, 





it would presumably be roughly the same 
as that of a film-free surface. Measure- 
ment of change of potential with stress 
has been attempted before, but the 


jattempts have generally been unsuccess- 
| ful. 


At the Bureau the measurement problem 
was solved by coating an entire notched 
specimen with a non-conducting water- 
proof lacquer, then using a razor blade to 
remove a narrow band of lacquer at the 
root of the notch. With specimens thus 
prepared, the only potential being meas- 


|ured was that of the narrow band of metal. 


1 For further technical details, see ‘‘Film- 
Rupture Mechanism of Stress Corrosion,’’ by 
Hugh L. Logan, J. Research NBS, 48, (Feb. 


2? Proposed by R. B. Mears, R. H. Brown and 
E. H. Dix, Jr., Symposium on Stress Corrosion 
Cracking of Metals, ASTM and AIME, 1944, 
p. 323. 
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TURBINES 





WHITON 
LABYRINTH 
SHAFT SEAL... 
SINCE 1911 


Whiton Turbines in service 25 years with- 
out seal replacement 


BECAUSE: 


© Factory run-in assures pertect seal and 
minimum wear. 


® Labyrinth seals do not contact shaft, 
eliminating wear and seizing. 


© Steam ejector feature positiveiy pre- 
vents steam leakage at outer end of 


shaftseal. 
Write for complete details 


Mf, 


Uhr 
“B56 WHITTON 


MACHINE COMPANY 
New London 14, Conn., U.S.A. 
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REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 
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under the auspices of the ASTM-ASME 
Joint Committee on Effect of Temperature 
on the Properties of Metals, is essentially 
a graphical summary of elevated-tempera- 
ture data for the commercially produced 
stainless steels. Included are summary 
curves for tensile strength, 0.2 per cent 
offset yield strength, per cent elongation, 





Fluid Flow in Pipes 
By Clifford McClain 


For engineers or students this book is an 
ideal introduction or refresher covering 
the mechanics and dimensions of gas and 
liquid flow in pipes and ducts. The 
fundamental physical processes involved 
are explained in simple language, and 
the dimensions used in various systems of 
calculation are clarified. 

The properties of fluids affecting flow 
are discussed with illustrations of the 
overall influence of each. Theory, meas 
urement and dimensions of viscosity, with 
particular attention to relationships be- 
tween various methods of measurement, 
are carefully explained for the beginner, 
while derivation calculations are included 
for those who wish to explore the subject 
more deeply. Friction and energy balance 
problems involving turbulence and stream- 
line flow are solved with emphasis upon 
consistency in the evaluation of such fac- 
tors as the Reynolds number. Empirical 
formulas used in flow calculations are 
presented with a discussion of the physical 
basis for such formulas. 


per cent reduction of area, stresses for rup- 
ture in 100, 1000, 10,000 and 100,000 hr, 
and stress for creep rates 0.0001 and 
0.00001 per cent per hr (1 per cent in 
10,000 and 100,000 hr). 

An Appendix contains the primary data 
from which the summary curves were 
drawn. The data sheets in the Appendix 
give the chemical composition, processing 
data, and other pertinent information 
about the steels included in this survey. 

The following compositions are covered 
with charts and tables: 


Applications of the principles in the 
book to problems in piping and duct work 
are presented with calculations. Engi- 
neers and others who encounter only an 
occasional problem having to do with 
fluid flow, and whose knowledge of the 
subject may have become a little hazy, 
will find particular value in the straight- 
forward tracing of consistent dimensional 
units through the calculations involved. 
The book fills a need for a treatment of 


the theory and practice of fluid flow in 18 Cr—8 Ni 25 Cr—12 Ni 
pipes from a dimensional viewpoint. It 18 Cr—8 Ni Ti 25 Cr—20 Ni 
will not only enable the reader to gain a 18 Cr—8 Ni Cb 25 Cr—20 Ni Si 
thorough understanding of basic princi- 18 Cr—8 Ni Mo 15 Cr—35 Ni 


ples but it will also help him to determine 
for himself whether he has expressed the 
terms of his calculations consistently. 

The book contains 128 pages, 18 illus- 
trations, 9 tables, is bound in maroon 
fabrikoid, and sells for $3. 


18 Cr—8 Ni Mo Cb 

This collection of data resulted from the 
close cooperation of many leading organi- 
zations concerned with the production of 
stainless alloys, their fabrication into 
valves, flanges, fittings, piping, etc. and 
the users. It should be of widespread in- 
terest—especially to those establishing 
stress values and code requirements; 
the designer of equipment, particularly 
where elevated temperatures are involved; 
the metallurgist supervising production of 
steels or the construction and products 


Elevated-Temperature 
Properties of Stainless Steels 


This 120-page 1952 report, prepared by 
Ward F. Simmons and Howard C. Cross of 


Battelle Memorial Institute and issued 

















High grade gas, by-product, 
steam and household stoker coal 
from Wise County, Virginia, on 
the Interstate Railroad. 


High grade gas, by-product, 
steam and domestic coal from 
Wise County, Va., on the 
Interstate Railroad. 


High grade, high volatile steam 
and by-product coal from Wise 


County, Va., on the Interstate 
Railroad. 


The Premium Kentucky High 
Splint unmatched for domestic 
use. Produced in Harlan 
County, Kentucky, on the 
L. & N. Railroad. 


Roda and Stonega from Wise 
County, Va. 





ANTHRACITE 


High grade gas, by-product, 
steam and domestic coal—Pitts- 
burgh seam from Irwin Basin, 
Westmoreland County, Penn- 
sylvania, on the Penna. Railroad. 


















High volatile domestic, steam 
and by-product coal from Boone 
and Logan Counties, W. Va., on 


the Chesapeake & Ohio Ry. 


Genuine Pocahontas from 
McDowell County, W. Va., on 
the Norfolk & Western Railway. 


High fusion coking coal for by- 
product, industrial stoker and 
ulverizer use from Wyoming 
1o., W. Va., on the Virginian Ry. 








Hazel Brook—Premium Lehigh 
Raven Run—Premium Mahanoy 


Cross Creek—First Grade Lehigh 










Our engineering service, available upon application, and long and varied 
experience is your assurance of the Right Coal — Properly Applied. 


General Coal Company 





123 SOUTH BROAD STREET PHILADELPHIA 9, PA. 
CABLE ADDRESS, GENCO 
- Branches: 


BLUEFIELD, W. VA. 
NEW YORK 


BUFFALO CINCINNATI 


PITTSBURGH 


CHARLOTTE, N. C. 
NORFOLK 









COMBUSTION—April 1952 71 





$$ 





therefrom; and the technical people con- 
cerned with operating problems. 


In order that the graphs and data would 
T . OSTER 50-G2 show up clearly and in appropriate size for 
ease of reading, the publication is issued in 


page size 8'/2 X 11 in. There are 120 
pages and the book, bound in heavy paper 


Pressure Reducing Regulator cover, is priced at $4. 
ASHVE Guide 


The 1952 edition of The Heating, Ven- 
tilating and Air Conditioning Guide, pub- 
lished annually by The American Society 
of Heating and Ventilating Engineers, has 
just been issued. This is the 30th edition 
with a total of 1520 pages of which over 
it combines extremely close regulation and —|_1(000 pages contain technical data. 
high inlet-to-outlet ratio, under varying The chapter arrangement of the past 
loads — approaching instrument control — two editions has been retained, under the 

e familiar section titles: Fundamentals, 
with the freedom from trouble, long life 


7 j Human Reactions, Heating and Cooling 
and easy maintenance of a regulator. Loads, Combustion and Consumption of 


Fuels, Systems and Equipment, Special 
Systems and Instruments and Codes. 
' ‘ New codes and the latest editions of all 
i ° Noes 3 | codes pertinent to the field have been in- 
ere S y: cluded. The section on water vapor and 
ieee condensation in building construction has 
Although the new 50-G2 is single-seated itis mn porveen a ~ ones, —— 
for tight shut-off, it has the throttling . attention having been given to the dis- 


- cussion of visible and concealed condensa- 
action of a double-seated valve. Full bal- tion and to methods of preventing mois- 


anced pilot valve and short travel of i r ture damage in buildings. A number of 
operating steam to the main valve piston | new materials are listed in the tables of 
cut the lag in response, for extremely conductivities and conductances, 

close following of the demand. Yet over- ' , The tables of unit conductances for 
travel, flutter and chatter are eliminated , thermal convection and methods for com- 


a £ th . ‘lizi puting radiant heat exchange for various 
y the mass of the piston, stabilizing conditions have been brought into agree- 








multi-rings, and unrestricted area under ment with latest research results. 
the piston. : Average winter temperatures for Octo- 


: , 7 - ber to May were obtained from the U. S. 
Pilot valve opening with the flow mini- | Weather. Bureau and the Canadian 
mizes deadhead loss, and permits higher Meteorological Service and are listed in 
inlet-to-outlet ratio, for instance, 250# to | the table of winter climatic conditions for 
2#. May eliminate intermediate stage in | 316 United States cities and 16 Canadian 
low pressure applications such as deaerat- “ —. 


. Design tables for heat gain through flat 
ing water heaters, tank storage heaters glass and glass block have been simplified, 
and auxiliary exhaust systems. and others for rolled glass have been 


All wearin rts are of stainl added. 
Sanat aikaneiac cineca The sections dealing with oil and gas 


sion and erosion resisting materials. New fuels have been rewritten and expanded to 


i . . a : ; : 
alloy metals mean less wear. : | include more information on properties 
: — and combustion data for present-day fuels. 
No special tools we needed servicing, Boiler rating information has been brought 
and no outside media are required for All up to date and a new abridged table show- 
operation. ts ing current I-B-R boiler rating and sizing 

, — ' practice has been added. 
Available for initial pressures 25—1200 | i M! The table showing recommended air 
P.S.1.G.; temperatures to 950 F; reduced es a | conditions for manufacturing, storing and 
pressures from controlled vacuum of 15” > a | handling various types of products has 
HG. to 600 P.S.I.G. with minor changes Ee ne cay ae and many oe ate 
. . PEI ant fe Si . -sses involvec 
in to assembl + sizes Vv" t 12” ant factors a ec ing e processes 5 

P Yi f2" to have been listed with the various products. 
For full information, ask for Bulletin Foster Type 50-G2 Internal Pilot The air filter section has been rewritten 


G-101 nme Heo oee car mde gaa to provide more data on types of filters 


and dusts encountered. Information has 
been added describing the charged-media 
type of filter. 
-OS) fi 4 - 4 = | N | G& / \ 7 = | = | a ' \ ¢ The section on the absorption system 
. has been enlarged to include a diagram 
and description of the lithium bromide- 
water absorption system. Also, data have 
been added on application of fans for high 
temperature work. Nomenclature and 
designations for fans have been brought 
into accord with latest industry practice. 
The volume is priced at $7.50. 





PRESSURE REGULATORS... RELIEF AND BACK PRESSURE VALVES... CUSHION CHECK VALVES 
... ALTITUDE VALVES ...FAN ENGINE REGULATORS PUMP GOVERNORS ... TEMPERATURE 
REGULATORS... FLOAT AND LEVER BALANCED VALVES... NON-RETURN VALVES...VACUUM 
REGULATORS OR BREAKERS... STRAINERS... SIRENS ...SAFETY VALVES...FLOW TUBES 
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